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【概要】 
  Until now, the environmental problems have been concerned affecting to the climate change and natural 
disaster. Therefore, using of the biomaterials has been more interested. Biomaterials chosen in the thesis 
were chitosan (CTS), Chitin (CT), Alginate (Alg) and 2,2,6,6-tetramethylpiperidine-1-oxy radical 
(TEMPO) oxidized cellulose nanofiber (TOCN). These materials have many advantages such as bio-
compatibility, non-toxicity, environmental-friendly products. In addition, they can be used as for many 
adsorption applications. It is irrefutable that with industrialization and the economic progress on a global 
scale, the consumption of fossil fuels, our main source of energy today, continues to grow. The best and 
most satisfactory alternative for these fossil fuels is nuclear fission, which can generate vast amounts of 
energy. However, one of the major disadvantages of nuclear fission is their waste by-products, radioactive 
wastes such as Cesium (Cs-137; 137Cs) and Strontium (Sr-90; 90Sr) produced from the nuclear fission. 
These wastes not only pollute the environment but also endanger the lives of the people who live near the 
disposal sites. Since Prussian blue (KFe) has excellent selectivity for adsorption of Cs+, in this work, CTS 
and CT were used as the carrier on the fiber surfaces to immobilize KFe and then the Cs+ adsorption 
capacities of those fibers were investigated. For Alg fiber, the adsorption of Sr2+ using several types of Alg 
fiber was also expressed. Finally, CTS coated with TOCN was used as the adsorbent for many chemical 
substances. 
 
【各章の要旨】 
In Chapter 1, the background, motivation and objectives of the researches were described by providing 
many related literatures as well as the references.  
 
In Chapter 2, adsorption and desorption behaviors of cesium on rayon fibers coated with chitosan 
immobilized with Prussian blue was described. Rayon fiber coated with chitosan (CTS) that contained 
immobilized Prussian blue (KFe) (KFe/CTS/rayon) was investigated for the removal of cesium ion (Cs+) 
from contaminated water. The morphology and mechanical strength of the fibers were observed using 
scanning electron microscopy (SEM) and a universal testing machine, respectively. The Cs+ concentration 
was determined by inductively coupled plasma-atomic emission spectroscopy. SEM images revealed that 
the surface of the KFe/CTS/rayon fiber showed the most roughness. It was found that Cs+ was adsorbed 
from the water by the KFe on the fibers in a molar ratio of 1:1 (Cs+:KFe). After treating the KFe/CTS/rayon 
fiber with 1% HNO3 for 3 h, 48.8% Cs+ desorption was observed. Woven fibers were interlaced with either 
2 or 4 lines of the KFe/CTS/rayon fiber from 16 bobbins. The tensile strengths of those fibers were 19.06 
and 14.25 MPa, respectively. Besides, the results of hot tests using radioactive Cs+ showed that the woven 
KFe/CTS/rayon fibers could adsorb up to 1000 Bqꞏg−1 from an initial concentration of 8,000 Bqꞏkg−1. 
 
In Chapter 3, characterization of Prussian blue-immobilized chitin-coated nylon fibers as adsorbent for 
cesium ions was reported. Herein, a Prussian blue (PB; KFe)-immobilized chitin-coated nylon 
(KFe/CT/nylon) fiber was successfully synthesized for the first time. The characteristics of this fiber were 
compared to that of a KFe-immobilized chitosan-coated rayon (KFe/CTS/rayon) fiber, which shows 
excellent cesium ion (Cs+) adsorption and has a high potential for practical use. The aim of producing the 
KFe/CT/nylon fiber is to study the feasibility of using it instead of the KFe/CTS/rayon fiber to adsorb Cs+ 
from contaminated water. CT can not only react with KFe but is also cheaper than CTS; therefore, it is 
interesting to consider the KFe/CT/nylon fiber as an alternative material for Cs+ adsorption. The 
interactions between KFe and CT in the nylon fiber or KFe and CTS in the rayon fiber were confirmed via 
X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD), and Fourier transform infrared (FTIR) 
spectroscopy. The Cs+ concentration was determined using inductively coupled plasma mass spectrometry 
(ICP-MS). The Cs+ adsorption capacity of the KFe/CTS/rayon and KFe/CT/nylon fibers was compared. 
The Cs+ adsorption capacity of the KFe/CTS/rayon fiber (90.5%) was found to be significantly higher than 
that of the KFe/CT/nylon fiber (16.9%) at an initial Cs+ concentration of 0.67 mg/L. 
 
In Chapter 4, preparation of alginate fibers coagulated by calcium chloride or sulfuric acid: application to 
the adsorption of Sr2+ was expressed. The adsorption behavior of Sr2+ over alginate (Alg) fibers prepared by 
wet spinning was investigated. Different grades of sodium alginate (Alg-Na) were chosen. The Alg fibers 
were obtained by coagulation of 1% H2SO4 (Alg-acid) or 5% CaCl2 (Alg-Ca) solutions. In addition, the 
Sr2+ adsorption percentages of the spherical Alg-Ca beads with a 0.672-mm-diameter were 70.64% which 
was significantly lower than that of Alg-Ca fibers (79.49%). These results suggested that the fibrous shape 
is more suitable than the spheres as an adsorbent from sea water. For Sr2+ adsorption capacities using 
different Alg fibers, the Alg-acid fibers obtained from 12% IL-2 and 8% I-2 grade solutions reached 
adsorption equilibrium at 99.88 and 99.27%, respectively, within 3 min. However, the Alg-Ca fiber 
obtained from 8% I-2 grade solution reached equilibrium at 80.01% within 30 min. Moreover, the Alg-acid 
fiber obtained from 8% I-2 grade solution adsorbed up to 34 mg/g of Sr2+ at an initial concentration of 
1,700 mg/L solutions. However, when Sr2+ co-existing cations (Ca2+, Na+, and mixtures of them) the 
adsorption capacity of the Alg-Ca fiber obtained from 8% I-2 grade solution slightly decreased since the 
egg-box structure of Alg-Ca fiber favored the selective Sr2+ adsorption and subsequent ion exchange with 
Ca2+. 
 
In Chapter 5, chitosan (CTS) fiber coated with TEMPO oxidized cellulose nano-fibers (TOCN) by using 
wet spinning technique was prepared successfully. Firstly, CTS was dissolved in acetic acid solution. The 
TOCN was dissolved in various NaOH concentration solution which was used as a coagulation solution. 
The CTS dope solution was placed into the column and the air pressure was applied in order to inject the 
dope solution through the small hole. Then the CTS solution was coagulated by coagulation solution and 
the CTS fiber coated with TOCN (TOCN/CTS) was obtained. The results revealed that the strength of 
fibers was increased with increasing TOCN concentration. In addition, the ammonia and three kinds of 
protein adsorptions were investigated. For ammonia adsorption test, the ammonia adsorption percentages 
show a trend similar to strength of fibers. In this work, lysozyme (Lz), Cytochrome C (Cyt C) and Bovine 
Serum Albumin (BSA) were chosen as the model proteins. It was found that TOCN/CTS fiber which is 
negative charge can adsorb Lz in water which was positive charge. On the other hand, since both Cyt C and 
BSA in PBS solutions were negative charges, CTS which is positive charge can adsorb Cyt C and BSA in 
PBS solutions higher than TOCN/CTS fiber. In conclusion, TOCN/CTS fiber can be used as the adsorbent 
for removing the ammonia and some kinds of the protein such as Lz which is positive charge. 
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8QWLO QRZ WKH HQYLURQPHQWDO SUREOHPV KDYH EHHQ FRQFHUQHG DIIHFWLQJ WR WKH
FOLPDWHFKDQJHDQGQDWXUDOGLVDVWHU7KHUHIRUHXVLQJRIWKHELRPDWHULDOVKDVEHHQPRUH
LQWHUHVWHG%LRPDWHULDOVFKRVHQLQWKHWKHVLVZHUHFKLWRVDQ&76&KLWLQ&6$OJLQDWH
$OJ DQG7(032R[LGL]HG FHOOXORVH QDQRILEHU 72&17KHVHPDWHULDOV KDYHPDQ\
DGYDQWDJHVVXFKDVELRFRPSDWLELOLW\QRQWR[LFLW\HQYLURQPHQWDOIULHQGO\SURGXFWV,Q
DGGLWLRQWKH\FDQEHXVHGDVIRUPDQ\DGVRUSWLRQDSSOLFDWLRQV 

,WLVLUUHIXWDEOHWKDWZLWKLQGXVWULDOL]DWLRQDQGWKHHFRQRPLFSURJUHVVRQDJOREDO
VFDOH WKH FRQVXPSWLRQ RI IRVVLO IXHOV RXUPDLQ VRXUFH RI HQHUJ\ WRGD\ FRQWLQXHV WR
JURZ7KHEHVWDQGPRVWVDWLVIDFWRU\DOWHUQDWLYHIRUWKHVHIRVVLOIXHOVLVQXFOHDUILVVLRQ
ZKLFKFDQJHQHUDWHYDVWDPRXQWVRIHQHUJ\+RZHYHURQHRIWKHPDMRUGLVDGYDQWDJHV
RI QXFOHDU ILVVLRQ LV WKHLU ZDVWH E\SURGXFWV UDGLRDFWLYH ZDVWHV VXFK DV &HVLXP
&V &V DQG6WURQWLXP 6U 6U SURGXFHG IURP WKH QXFOHDU ILVVLRQ7KHVH
UDGLRDFWLYHPHWDOVDUH OLNHO\ WRSURGXFHPRUH WKDQRI WKH WRWDOFDORULILFYDOXHRI
KLJKOHYHO OLTXLGZDVWH +//: 7KHVHZDVWHV QRW RQO\ SROOXWH WKH HQYLURQPHQW EXW
DOVRHQGDQJHUWKHOLYHVRIWKHSHRSOHZKROLYHQHDU WKHGLVSRVDOVLWHV6LQFH&VLVD
FDXVHRIFDQFHULQKXPDQV>@ZKHUHDV6UZKLFKDUHVLPLODUWRFDOFLXPFDQUHSODFH
FDOFLXPLQKXPDQWHHWKRUERQHOHDGLQJWRERQHFDQFHULQKXPDQEHLQJ>@7KHUHIRUH
WKHUHDUHVHYHUDOUHVHDUFKHVLQYHVWLJDWLQJPDQ\DGVRUEHQWVWRUHPRYHUDGLRDFWLYHPHWDOV
ZKLFKLVQRWRQO\IURPFRQWDPLQDWHGZDWHUEXWDOVRIURPVHDZDWHU 

5DGLRDFWLYH &V FDQ EH UHPRYHG IURP ZDWHU XVLQJ VHYHUDO PDWHULDOV VXFK DV
]HROLWH RU ]HROLWH FRPSOH[HV >@ FOLQRSWLOROLWHULFK WXIIV >@ DQG K\EULGL]HG
PLFURSRURXVVLOLFDEDVHGIXQFWLRQDOPDWHULDOV>@)XUWKHUPRUHLURQFRPSRVLWHVRUWKH
IXQFWLRQDOL]DWLRQ RI LURQ FRPSOH[HV KDV EHHQ LQYHVWLJDWHG IRU &V UHPRYDO IURP
FRQWDPLQDWHGZDWHU6XFKPDWHULDOV LQFOXGHPHWDO IHUURF\DQLGHDQLRQH[FKDQJH UHVLQV
>@ FREDOW IHUURF\DQLGHLPSUHJQDWHG RUJDQLF DQLRQ H[FKDQJHUV >@ FREDOW
IHUURF\DQLGHLPSUHJQDWHG SRO\PHUFKDLQJUDIWHG ILEHUV >@ SRWDVVLXP LURQ,,,
KH[DF\DQRIHUUDWH,,VXSSRUWRQDFWLYDWHGFDUERQ>@SRWDVVLXP]LQFKH[DF\DQRIHUUDWH
>@ 3UXVVLDQ EOXH 3% FRPSRVLWH PDWHULDO DQG PDWHULDOV IXQFWLRQDOL]HG ZLWK 3%
>@

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3UXVVLDQEOXH>)H&1LURQ,,,KH[DF\DQRIHUUDWH,,@RU.)HKDVH[FHOOHQW
VHOHFWLYLW\IRUDGVRUSWLRQRI&VEHFDXVHWKHK\GUDWLRQUDGLXVRI&VLVFORVHWRWKHFDJH
VL]H RI .)H FU\VWDOV 7KHUHIRUH WKHUH DUH PDQ\ UHVHDUFKHUV LQYHVWLJDWLQJ WKH XVLQJ
3UXVVLDQEOXHZLWK RWKHUPDWHULDOV LQPDQ\ IRUPV WR DGVRUE WKH&V LQZDWHU VXFK DV
JUDQXOHV >@ QRQZRYHQ ILEHUV >@ VSRQJHV >@ QDQRSDUWLFOHV >@ LQFOXGLQJ
PDJQHWLF PDWHULDOV >@ %HVLGHV &V UHPRYDO WKURXJK WKH FRQWLQXRXV IORZ RI
FRQWDPLQDWHGZDWHULQDIL[HGEHGV\VWHPZDVDOVRLQYHVWLJDWHG>@

&KLWLQ&7 LVDQ LPSRUWDQWELRPDWHULDO UHVRXUFHEHFDXVH LW LVWKHVHFRQGPRVW
DEXQGDQW SRO\VDFFKDULGH LQ QDWXUH >@ ,W FDQ EH GHULYHG IURP FUDEV VKULPS VKHOOV
LQVHFW FXWLFOHV DQG IXQJDO FHOOZDOOVE\GHFDOFLILFDWLRQDQGDONDOL WUHDWPHQW&KLWRVDQ
&76 LV DELRSRO\PHUREWDLQHGE\ WKHGHDFHW\ODWLRQRI FKLWLQ%RWK&7DQG&76DUH
ELRPDWHULDOVZKLFKDUHELRFRPSDWLEOHELRGHJUDGDEOHDQGQRQWR[LF>±@&7DQGLWV
FRPSRVLWH FDQ EH XVHG WR UHPRYH DUVHQLF >$V,,,@ FRSSHU DQGKD]DUGRXV G\HV IURP
DTXHRXV VROXWLRQV >@ 0RUHRYHU PHWDO QDQRSDUWLFOHV FDQ EH LQFRUSRUDWHG ZLWK
FKLWRVDQ WR IRUP D FRPSRVLWH >@&76 FDQ EH XVHG DV DGVRUSWLYHPDWHULDOV IRU G\H
KHDY\PHWDOVVHYHUDOW\SHVRISURWHLQ>@0RUHRYHU0RUHRYHU&7DQG&76FDQ
UHDFWVWURQJO\ZLWK.)H>@

)RU UHPRYDO RI 6U LRQ IURP ZDWHU PDQJDQHVH DQWLPRQDWH %LUQHVVLWH
PRGLILFDWLRQRIK\GUR[\DSDWLWHEDULXPWLWDQDWHFDUEDPDWHFRQWDLQLQJYDWHULWHDQGULFH
VWUDZEDVHG ELRFKDU LQ 6U LRQ UHPRYDO ZHUH VWXGLHG >@ %HVLGHV WKH PLFURELDO
PDWHULDOV %DFLOOXV IDPLO\ ZHUH DOVR UHSRUWHG LQ 6U LRQ UHPRYDO >@ 8VLQJ
HOHFWURFRDJXODWLRQSURFHVVZDVDQRWKHUPHWKRGIRU6ULRQUHPRYDO>@,QDGGLWLRQ
PXOWLZDOOHGFDUERQQDQRWXEH0:&17UHLQIRUFHG=HROLWH$EHDGVDK\GUDXOLFSHOOHW
FRSUHFLSLWDWLRQPLFURILOWUDWLRQ +3&0) D K\EULGPHPEUDQH D FRPSRVLWH EHWZHHQ
$OJ DQG )H2 ]HROLWH$OJ IRDP FRPSRVLWH LQFOXGLQJ $OJKXPLF DFLG)HDPLQRFOD\
K\GURJHOFRPSRVHGRIJUDIWHGQHWZRUNFDQEHXVHGDVDGVRUEHQWVIRU6ULRQIURPZDWHU
>@

1RZDGD\VDOJLQDWH $OJZKLFK LVXQEUDQFKHGSRO\VDFFKDULGHVH[WUDFWHGIURP
VHDZHHGLVDQLPSRUWDQWZHOONQRZQELRPDWHULDOEHFDXVHWKH\FDQEHXVHGDVDVRUEHQW
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WR UHPRYDOKD]DUGRXVPHWDOV IURPFRQWDPLQDWHGZDWHU VXFKDV ]LUFRQLXP UDGLRDFWLYH
&R LRQ&V LRQ LQFOXGLQJ6U LRQ >@$OJFRQVLVWVRI OLQNGE'PDQQXURPLF
0 DQG WKH& RI LWV VWUXFWXUH HSLPHUD/JXOXURQLF DFLG **HQHUDOO\$OJZLWK
KLJKHU* FRQWHQWV JLYHV KLJKHU VWUHQJWK RI$OJ JHO%HVLGHV WKH SUHVHQFH RI GLYDOHQW
LRQV VXFK DV 3E &X %D 6U &D LQ $OJ FRXOG IRUP WKH $OJ JHO GXH WR WKH
LQWHUDFWLRQEHWZHHQ*EORFNDQG WKRVHFDWLRQV1HYHUWKHOHVV WKH&D LV WKH W\SLFDOO\
LRQXVHGIRU$OJJHOIRUPDWLRQ>@ 

5HFHQWO\ 7(032 R[LGL]HG FHOOXORVH QDQRILEHUV 72&1 SUHSDUHG IURP
FHOOXORVHV E\ XVLQJ WHWUDPHWK\OSLSHULGLQHR[\ UDGLFDO 7(032PHGLDWHG
R[LGDWLRQKDVEHHQZHOONQRZQDVQRYHOPDWHULDO7KHWHQVLOHVWUHQJWKIOH[XUDOVWUHQJWK
RSWLFDO WUDQVSDUHQF\ WRXJKQHVV RI FRPSRVLWH SRO\PHU FDQ EH LPSURYHG E\ DGGLQJ
72&1DVDUHLQIRUFLQJILOOHU>@1HJDWLYHFKDUJHRQWKHVXUIDFHRI72&1PDNLQJ
LWFDQEHDSSOLHGLQPDQ\ILHOGVVXFKDVPHGLFDOILHOGFHPHQWFDWDO\WLFILHOGLQFOXGLQJ
DQWLPLFURELDO DSSOLFDWLRQ >@ ,QWHUHVWLQJO\ WKHPHFKDQLFDO SURSHUWLHV DQG EDUULHU
SURSHUWLHVRI72&1DQG&76FRPSRVLWHILOPFDQEHLPSURYHGGXHWRWKHLUHOHFWURVWDWLF
DWWUDFWLRQ>@ 

6LQFH3UXVVLDQEOXH.)HKDVH[FHOOHQWVHOHFWLYLW\IRUDGVRUSWLRQRI&VLQWKLV
ZRUN&76DQG&7ZHUHXVHGDVWKHFDUULHURQWKHILEHUVXUIDFHVWRLPPRELOL]H.)HDQG
WKHQWKH&VLRQVDGVRUSWLRQFDSDFLWLHVRIWKRVHILEHUVZHUHLQYHVWLJDWHG)RU$OJILEHU
WKHDGVRUSWLRQRI6UXVLQJVHYHUDOW\SHVRI$OJILEHUZDVDOVRH[SUHVVHG%HVLGHV&76
FRDWHGZLWK72&1ZDVXVHGDVWKHDGVRUEHQWIRUPDQ\FKHPLFDOVXEVWDQFHVHVSHFLDOO\
SURWHLQV 7KH VXPPDU\ RXWFRPHV RI VWXG\LQJ IRU HDFK DVSHFW ZHUH DOVR SURYLGHG DV
VKRZQEHORZ

,Q &KDSWHU  DGVRUSWLRQ DQG GHVRUSWLRQ EHKDYLRUV RI FHVLXP RQ UD\RQ ILEHUV
FRDWHGZLWKFKLWRVDQLPPRELOL]HGZLWK3UXVVLDQEOXHZDVGHVFULEHG5D\RQILEHUFRDWHG
ZLWKFKLWRVDQ&76WKDWFRQWDLQHGLPPRELOL]HG3UXVVLDQEOXH.)H.)H&76UD\RQ
ZHUH LQYHVWLJDWHG IRU WKH UHPRYDO RI FHVLXP LRQ &V IURPFRQWDPLQDWHGZDWHU7KH
PRUSKRORJ\ DQG PHFKDQLFDO VWUHQJWK RI WKH ILEHUV ZHUH REVHUYHG XVLQJ VFDQQLQJ
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HOHFWURQ PLFURVFRS\ 6(0 DQG D XQLYHUVDO WHVWLQJ PDFKLQH UHVSHFWLYHO\ 7KH &V
FRQFHQWUDWLRQ ZDV GHWHUPLQHG E\ LQGXFWLYHO\ FRXSOHG SODVPDDWRPLF HPLVVLRQ
VSHFWURVFRS\ 6(0 LPDJHV UHYHDOHG WKDW WKH VXUIDFH RI WKH .)H&76UD\RQ ILEHU
VKRZHGWKHPRVWURXJKQHVV,WZDVIRXQGWKDW&VZDVDGVRUEHGIURPWKHZDWHUE\WKH
.)HRQWKHILEHUVLQDPRODUUDWLRRI&V.)H$IWHUWUHDWLQJWKH.)H&76UD\RQ
ILEHUZLWK+12IRUK&VGHVRUSWLRQZDVREVHUYHG:RYHQILEHUVZHUH
LQWHUODFHGZLWK HLWKHU  RU  OLQHV RI WKH.)H&76UD\RQ ILEHU IURP  EREELQV 7KH
WHQVLOHVWUHQJWKVRI WKRVHILEHUVZHUHDQG03D UHVSHFWLYHO\:KHQVLOYHU
FRWWRQZDVXVHGDV WKHFRUHD[LVRI WKHZRYHQ ILEHU WKH WHQVLOH VWUHQJWKRI WKH ILEHUV
LQWHUODFHGZLWKDQGOLQHVLQFUHDVHGWRDQG03DUHVSHFWLYHO\0RUHRYHU
WKH UHVXOWV RI KRW WHVWV XVLQJ UDGLRDFWLYH&V VKRZHG WKDW WKHZRYHQ.)H&76UD\RQ
ILEHUVFRXOGDGVRUEXSWR%TāJíIURPDQLQLWLDOFRQFHQWUDWLRQRI%TāNJí

 ,Q &KDSWHU  FKDUDFWHUL]DWLRQ RI 3UXVVLDQ EOXHLPPRELOL]HG FKLWLQFRDWHG
Q\ORQ ILEHUV DV DGVRUEHQW IRU FHVLXP LRQVZDV UHSRUWHG+HUHLQ D 3UXVVLDQ EOXH 3%
.)HLPPRELOL]HG FKLWLQFRDWHG Q\ORQ .)H&7Q\ORQ ILEHU ZDV VXFFHVVIXOO\
V\QWKHVL]HGIRUWKHILUVWWLPH7KHFKDUDFWHULVWLFVRIWKLVILEHUZHUHFRPSDUHGWRWKDWRID
.)HLPPRELOL]HGFKLWRVDQFRDWHGUD\RQ.)H&76UD\RQILEHUZKLFKVKRZVH[FHOOHQW
FHVLXP LRQ &V DGVRUSWLRQ DQG KDV D KLJK SRWHQWLDO IRU SUDFWLFDO XVH 7KH DLP RI
SURGXFLQJ WKH.)H&7Q\ORQ ILEHU LV WR VWXG\ WKH IHDVLELOLW\RIXVLQJ LW LQVWHDGRI WKH
.)H&76UD\RQ ILEHU WR DGVRUE&V IURP FRQWDPLQDWHGZDWHU &7 FDQ QRW RQO\ UHDFW
ZLWK .)H EXW LV DOVR FKHDSHU WKDQ &76 WKHUHIRUH LW LV LQWHUHVWLQJ WR FRQVLGHU WKH
.)H&7Q\ORQ ILEHU DV DQ DOWHUQDWLYH PDWHULDO IRU &V DGVRUSWLRQ 7KH LQWHUDFWLRQV
EHWZHHQ .)H DQG &7 LQ WKH Q\ORQ ILEHU RU .)H DQG &76 LQ WKH UD\RQ ILEHU ZHUH
FRQILUPHGYLD;UD\SKRWRHOHFWURQVSHFWURVFRS\ ;36;UD\GLIIUDFWLRQ ;5'DQG
)RXULHUWUDQVIRUPLQIUDUHG)7,5VSHFWURVFRS\7KH&VFRQFHQWUDWLRQZDVGHWHUPLQHG
XVLQJ LQGXFWLYHO\ FRXSOHG SODVPD PDVV VSHFWURPHWU\ ,&306 7KH &V DGVRUSWLRQ
FDSDFLW\ RI WKH .)H&76UD\RQ DQG .)H&7Q\ORQ ILEHUV ZHUH FRPSDUHG 7KH &V
DGVRUSWLRQFDSDFLW\RIWKH.)H&76UD\RQILEHUZDVIRXQGWREHVLJQLILFDQWO\
KLJKHU WKDQ WKDW RI WKH.)H&7Q\ORQ ILEHU  DW DQ LQLWLDO&V FRQFHQWUDWLRQRI
PJ/

Chapter 1. General Introduction 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
____________________________________________________________________________________ 

 ,Q&KDSWHUSUHSDUDWLRQRIDOJLQDWHILEHUVFRDJXODWHGE\FDOFLXPFKORULGHRU
VXOIXULF DFLG DSSOLFDWLRQ WR WKH DGVRUSWLRQ RI 6U ZDV H[SUHVVHG 7KH DGVRUSWLRQ
EHKDYLRURI6URYHUDOJLQDWH$OJILEHUVSUHSDUHGE\ZHWVSLQQLQJZDVLQYHVWLJDWHG
'LIIHUHQWJUDGHVRIVRGLXPDOJLQDWH$OJ1DZHUHFKRVHQ7KH$OJILEHUVZHUHREWDLQHG
E\FRDJXODWLRQRI+62$OJDFLGRU&D&O$OJ&DVROXWLRQV,QDGGLWLRQWKH
6U DGVRUSWLRQ SHUFHQWDJHV RI WKH VSKHULFDO$OJ&DEHDGVZLWK D PPGLDPHWHU
ZHUHZKLFKZDVVLJQLILFDQWO\ORZHUWKDQWKDWRI$OJ&DILEHUV7KHVH
UHVXOWVVXJJHVWHGWKDWWKHILEURXVVKDSHLVPRUHVXLWDEOHWKDQWKHVSKHUHVDVDQDGVRUEHQW
IURPVHDZDWHU)RU6UDGVRUSWLRQFDSDFLWLHVXVLQJGLIIHUHQW$OJILEHUV WKH$OJDFLG
ILEHUV REWDLQHG IURP  ,/ DQG  , JUDGH VROXWLRQV UHDFKHG DGVRUSWLRQ
HTXLOLEULXPDWDQGUHVSHFWLYHO\ZLWKLQPLQ+RZHYHUWKH$OJ&DILEHU
REWDLQHG IURP  , JUDGH VROXWLRQ UHDFKHG HTXLOLEULXP DW  ZLWKLQ  PLQ
0RUHRYHUWKH$OJDFLGILEHUREWDLQHGIURP,JUDGHVROXWLRQDGVRUEHGXSWRPJJ
RI 6U DW DQ LQLWLDO FRQFHQWUDWLRQ RI  PJ/ VROXWLRQV +RZHYHU ZKHQ 6U
FRH[LVWLQJ FDWLRQV &D 1D DQGPL[WXUHV RI WKHP WKH DGVRUSWLRQ FDSDFLW\ RI WKH
$OJ&DILEHUREWDLQHGIURP,JUDGHVROXWLRQVOLJKWO\GHFUHDVHGVLQFHWKHHJJER[
VWUXFWXUH RI $OJ&D ILEHU IDYRUHG WKH VHOHFWLYH 6U DGVRUSWLRQ DQG VXEVHTXHQW LRQ
H[FKDQJHZLWK&D

 ,Q &KDSWHU  +HUH FKLWRVDQ ILEHU FRDWHG ZLWK 7(032 R[LGL]HG FHOOXORVH
QDQRILEHU 72&1 E\ XVLQJ ZHW VSLQQLQJ WHFKQLTXH ZDV SUHSDUHG VXFFHVVIXOO\
&KLWRVDQ&76ZDVGLVVROYHGLQDFHWLFDFLGVROXWLRQWRJHWWKHFKLWRVDQGRSHVROXWLRQ
7KH FRQFHQWUDWLRQV RI 72&1 ZHUH YDULHG 72&1 ZDV GLVVROYHG LQ YDULRXV 1D2+
FRQFHQWUDWLRQVROXWLRQZKLFKZDVXVHGDVDFRDJXODWLRQVROXWLRQ7KHWHQVLOHSURSHUWLHV
RI FKLWRVDQ ILEHU FRDWHG ZLWK 72&1 ZHUH LQYHVWLJDWHG E\ XVLQJ 8QLYHUVDO 7HVWLQJ
0DFKLQH7KH UHVXOWV UHYHDOHG WKDW WKH VWUHQJWKZDV LQFUHDVHGZLWK LQFUHDVLQJ72&1
FRQFHQWUDWLRQ ,Q DGGLWLRQ WKH DPPRQLD DQG WKUHH NLQGV RI SURWHLQ DGVRUSWLRQV ZHUH
LQYHVWLJDWHG 7KH DPPRQLD DGVRUSWLRQ SHUFHQWDJHV VKRZ D WUHQG VLPLODU WR WKDW RI
VWUHQJWKRIFKLWRVDQILEHUFRDWHGZLWK72&1,QWKLVZRUNO\VR]\PH/]&\WRFKURPH
&&\W&DQG%RYLQH6HUXP$OEXPLQ%6$ZHUHFKRVHQDVWKHPRGHOSURWHLQV,WZDV
IRXQG WKDW &76 ILEHU FRDWHGZLWK 72&1ZKLFK LV QHJDWLYH FKDUJH FDQ DGVRUE /] LQ
ZDWHUZKLFKZDVSRVLWLYHFKDUJHKLJKHUWKDQWKDWRIFKLWRVDQILEHU2QWKHRWKHUKDQG
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VLQFH ERWK &\W & DQG %6$ LQ 3%6 VROXWLRQV ZHUH QHJDWLYH FKDUJHV &76 ZKLFK LV
FDWLRQLF PDWHULDO SRVLWLYH FKDUJH FDQ DGVRUEHG &\W & DQG %6$ LQ 3%6 VROXWLRQV
KLJKHUWKDQWKRVHRI&76ILEHUFRDWHGZLWK72&1,QFRQFOXVLRQ72&1FDQLPSURYH
WKH WHQVLOH SURSHUWLHV WR FKLWRVDQ ILEHU0RUHRYHU LW FDQ EHXVHG DV WKH DGVRUEHQW IRU
UHPRYLQJWKHDPPRQLDFRQWDPLQDWHGLQZDWHUDVZHOODVVRPHNLQGVRIWKHSURWHLQVXFK
DV/]ZKLFKLVSRVLWLYHFKDUJHSURWHLQ

5HIHUHQFHV
>@ 2 )DULG . 6KLK:( /HH + <DPDQD )XNXVKLPD 7KH FXUUHQW VLWXDWLRQ DQG
IXWXUH SODQV LQ:(/HH0,2MRYDQ DQG& -DQW]HQ (GV5DGLRDFWLYH:DVWH
0DQDJHPHQW DQG &RQWDPLQDWHG 6LWH &OHDQ8S 3URFHVVHV 7HFKQRORJLHV DQG
,QWHUQDWLRQDO ([SHULHQFH $ YROXPH LQ :RRGKHDG 3XEOLVKLQJ 6HULHV LQ (QHUJ\
:RRGKHDG3XEOLVKLQJ/LPLWHG&DPEULGJHSS±
>@1(YDQJHOLRX<%DONDQVNL$&R]LF$30¡OOHU*OREDODQGORFDOFDQFHUULVNV
DIWHU WKH )XNXVKLPD 1XFOHDU 3RZHU 3ODQW DFFLGHQW DV VHHQ IURP &KHUQRE\O $
PRGHOLQJVWXG\IRUUDGLRFDHVLXP&V	&V(QYLURQ,QW±
>@16HPLRVKNLQD , )LHGOHU% 6FKLOOLQJHU$8ODQRYVN\93RWDSRY2 ,YDQRY
)0 :DJQHU 8 *HUVWPDQQ &RPSDULVRQ RI WKUHH QRQGHVWUXFWLYH PHWKRGV WR
PHDVXUH6ULQKXPDQWRRWKVDPSOHV5DGLDW0HDV±
>@%6FKUDJ78OGLQ30DQJLQ3)URLGHYDX['DWLQJKXPDQVNHOHWDOUHPDLQVXVLQJ
D UDGLRPHWULF PHWKRG %LRJHQLF YHUVXV GLDJHQHWLF 6U DQG 3E LQ YHUWHEUDH
)RUHQVLF6FL,QW±
>@6&*DG 6WURQWLXP5HIHUHQFH0RGXOH LQ%LRPHGLFDO 6FLHQFHV(QF\FORSHGLD RI
7R[LFRORJ\WKLUGHG(OVHYLHU,QF&DPEULGJH
>@).DZDPXUD.0RWRMLPD8VLQJFRSSHUKH[DF\DQRIHUUDWH,,LPSUHJQDWHG]HROLWH
IRU FHVLXP UHPRYDO IURP UDGLRDFWLYH OLTXLG ZDVWH - 1XFO 7HFK  

>@0 -DUDL<'HQJ )0DUNXV -%+DUVK&HVLXP LQFRUSRUDWLRQ DQG GLIIXVLRQ LQ
FDQFULQLWH VRGDOLWH ]HROLWH DQG DOORSKDQH 0LFURSRU 0HVRSRU 0DW  



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>@ 05 (O1DJJDU $0 (O.DPDVK 0, (O'HVVRXN\ $. *KRQDLP 7ZRVWHS
PHWKRGIRUSUHSDUDWLRQRI1D$;]HROLWHEOHQGIURPIO\DVKIRUUHPRYDORIFHVLXP
LRQV-+D]DUG0DWHU
>@0:0XQWKDOL(-RKDQ+$RQR10DWVXH&VDQG6UDGVRUSWLRQVHOHFWLYLW\
RI ]HROLWHV LQ UHODWLRQ WR UDGLRDFWLYH GHFRQWDPLQDWLRQ - $VLDQ &HUDP 6RF 

>@+0LPXUD.<RNRWD.$NLED<2QRGHUD$ONDOLK\GURWKHUPDO V\QWKHVLVRI
]HROLWHVIURPFRDOIO\DVKDQGWKHLUXSWDNHSURSHUWLHVRIFHVLXPLRQ-1XFO6FL
7HFKQRO
>@ 5 &RUWpV0DUWtQH] 07 2OJXtQ 0 6RODFKH5tRV &HVLXP VRUSWLRQ E\
FOLQRSWLOROLWHULFK WXIIV LQ EDWFK DQG IL[HGEHG V\VWHPV'HVDOLQDWLRQ  

>@$=KDQJ</L<'DL/;X'HYHORSPHQWRIDQHZVLPXOWDQHRXVVHSDUDWLRQRI
FHVLXP DQG VWURQWLXP E\ H[WUDFWLRQ FKURPDWRJUDSK XWLOL]DWLRQ RI D K\EULGL]HG
PDFURSRURXV VLOLFDEDVHG IXQFWLRQDO PDWHULDO 6HS 3XULI 7HFKQRO  

>@.:DWDUL. ,PDL<2KPRPR<0XUDPDWVX<1LVKLPXUD0 ,]DZD/5
%DFLOHV 6LPXOWDQHRXV$GVRUSWLRQ RI &V DQG , IURPZDWHU DQGPLON RQ
³PHWDO IHUURF\DQLGHDQLRQ H[FKDQJH UHVLQ - 1XFO 6FL 7HFKQRO 

>@739DOVDOD6&5R\-*6KDK -*DEULHO.5DM99HQXJRSDO5HPRYDORI
UDGLRDFWLYHFDHVLXPIURPORZOHYHOUDGLRDFWLYHZDVWH//:VWUHDPVXVLQJFREDOW
IHUURF\DQLGHLPSUHJQDWHGRUJDQLFDQLRQH[FKDQJHU-+D]DUG0DWHU

>@5,VKLKDUD.)XMLZDUD7+DUD\DPD<2NDPXUD68FKL\DPD06XJL\DPD
7 6RPH\D:$PDNDL 68PLQR 72QR$1LGH<+LUD\DPD 7%DED 7
.RMLPD ' 8PHQR . 6DLWR . $VDL DQG 7 6XJR 5HPRYDO RI FHVLXP XVLQJ
FREDOWIHUURF\DQLGHLPSUHJQDWHG SRO\PHUFKDLQJUDIWHG ILEHUV - 1XFO 6FL
7HFKQRO
>@ . .DZDWDNH 1 6KLJHPRWR 3UHSDUDWLRQ RI SRWDVVLXP LURQ,,,
KH[DF\DQRIHUUDWH,,VXSSRUWHGRQDFWLYDWHGFDUERQDQG&VXSWDNHSHUIRUPDQFHRI
WKHDGVRUEHQW-1XFO6FL7HFKQRO
Chapter 1. General Introduction 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
____________________________________________________________________________________ 

>@ $ 7DNDKDVKL $ .LWDMLPD ' 3DUDMXOL < +DNXWD + 7DQDND 6 2KNRVKL
.DZDPRWR7UDGLRDFWLYHFHVLXPUHPRYDOIURPDVKZDVKLQJVROXWLRQZLWKKLJKS+
DQG KLJK .FRQFHQWUDWLRQ XVLQJ SRWDVVLXP ]LQF KH[DF\DQRIHUUDWH &KHP (QJ
5HV'HV
>@%+X%)XJHWVX+<X<$EH3UXVVLDQEOXHFDJHGLQVSRQJLIRUPDGVRUEHQWV
XVLQJGLDWRPLWHDQGFDUERQQDQRWXEHVIRUHOLPLQDWLRQRIFHVLXP-+D]DUG0DWHU

>@+<DQJ+/L-=KDL/6XQ<=KDR+<X0DJQHWLF3UXVVLDQEOXHJUDSKHQH
R[LGH QDQRFRPSRVLWHV FDJHG LQ FDOFLXP DOJLQDWH PLFUREHDGV IRU HOLPLQDWLRQ RI
FHVLXPLRQVIURPZDWHUDQGVRLO&KHP(QJ-
>@ + <DQJ 6 -DQJ 6% +RQJ . /HH & 5RK <6 +XK % 6HR 3UXVVLDQ
EOXHIXQFWLRQDOL]HGPDJQHWLF QDQRFOXVWHUV IRU WKH UHPRYDO RI UDGLRDFWLYH FHVLXP
IURPZDWHU-$OOR\&RPSG
>@ & 9LQFHQW < %DUUp 7 9LQFHQW - 7DXOHPHVVH 0 5RELW]HU ( *XLEDO
&KLWLQ3UXVVLDQEOXHVSRQJHVIRU&V,UHFRYHU\IURPV\QWKHVLVWRDSSOLFDWLRQLQ
WKHWUHDWPHQWRIDFFLGHQWDOGXPSLQJRIPHWDOEHDULQJVROXWLRQV-+D]DUG0DWHU

>@ ' 'HFKRMDUDVVUL 6 $VDLQD 6 2PRWH . 1LVKLGD 7 )XUXLNH + 7DPXUD
$GVRUSWLRQ DQG GHVRUSWLRQ EHKDYLRUV RI FHVLXP RQ UD\RQ ILEHUV FRDWHG ZLWK
FKLWRVDQ LPPRELOL]HG ZLWK 3UXVVLDQ EOXH ,QW - %LRO 0DFURPRO

>@*&KHQ<&KDQJ;/LX7.DZDPRWR+7DQDND$.LWDMLPD'3DUDMXOL0
7DNDVDNL.<RVKLQR0&KHQ</R=/HL'/HH3UXVVLDQEOXH3%JUDQXOHV
IRU FHVLXP &V UHPRYDO IURP GULQNLQJ ZDWHU 6HS 3XULI 7HFKQRO  
±
>@*&KHQ<&KDQJ;/LX7.DZDPRWR+7DQDND'3DUDMXOL0&KHQ<X
/R = /HL ' /HH 3UXVVLDQ EOXH QRQZRYHQ ILOWHU IRU FHVLXP UHPRYDO IURP
GULQNLQJZDWHU6HS3XULI7HFKQRO±
>@ ' 3DUDMXOL $ .LWDMLPD $ 7DNDKDVKL + 7DQDND + 2JDZD < +DNXWD .
<RVKLQR7)XQDKDVKL0<DPDJXFKL02VDGD7.DZDPRWR$SSOLFDWLRQRI
3UXVVLDQEOXHQDQRSDUWLFOHV IRU WKH UDGLRDFWLYH&VGHFRQWDPLQDWLRQ LQ)XNXVKLPD
UHJLRQ-(QYLURQ5DGLRDFWLY±
Chapter 1. General Introduction 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
____________________________________________________________________________________ 

>@'.QRUU8VHRIFKLWLQRXVSRO\PHUVLQIRRG²$FKDOOHQJHIRUJRRGUHVHDUFKDQG
GHYHORSPHQW)RRG7HFKQRO&KLFDJR
>@10$OYHV-)0DQR&KLWRVDQGHULYDWLYHVREWDLQHGE\FKHPLFDOPRGLILFDWLRQV
IRUELRPHGLFDODQGHQYLURQPHQWDODSSOLFDWLRQV,QW-%LRO0DFURPRO
±
>@ 6./ /HYHQJRRG 0 =KDQJ &KLWRVDQEDVHG VFDIIROGV IRU ERQH WLVVXH
HQJLQHHULQJ-0DWHU&KHP%0DWHU%LRO0HG±
>@ - 9HQNDWHVDQ , %KDWQDJDU 6 .LP &KLWRVDQDOJLQDWH ELRFRPSRVLWH FRQWDLQLQJ
IXFRLGDQIRUERQHWLVVXHHQJLQHHULQJ0DU'UXJV±
>@5<DQJ< 6X.%$XEUHFKW;:DQJ+0D5%*UXEEV%6+VLDR%
&KX 7KLROIXQFWLRQDOL]HG FKLWLQ QDQRILEHUV IRU $V ,,, DGVRUSWLRQ 3RO\PHU 

>@ $ /DELGL $0 6DODEHUULD 6&0 )HUQDQGHV - /DELGL 0 $EGHUUDEEDD
$GVRUSWLRQ RI FRSSHU RQ FKLWLQEDVHG PDWHULDOV NLQHWLF DQG WKHUPRG\QDPLF
VWXGLHV-7DLZDQ,QVW&KHP(
>@0:DZU]NLHZLF]3%DUWF]DN7 -HVLRQRZVNL(QKDQFHG UHPRYDORIKD]DUGRXV
G\H IRUP DTXHRXV VROXWLRQV DQG UHDO WH[WLOH ZDVWHZDWHU XVLQJ ELIXQFWLRQDO
FKLWLQOLJQLQELRVRUEHQW,QW-%LRO0DFURPRO
>@ 30XMHHE 5DKPDQ 90 $EGXO0XMHHE .0XUDOHHGKDUDQ 6WHQL . 7KRPDV
&KLWRVDQQDQR =Q2 FRPSRVLWH ILOPV (QKDQFHG PHFKDQLFDO DQWLPLFURELDO DQG
GLHOHFWULFSURSHUWLHV$UDELDQ-&KHP
>@ ( 6DOHKL 3 'DUDHL $$ 6KDPVDEDGL $ UHYLHZ RQ FKLWRVDQEDVHG DGVRUSWLYH
%LRUHVRXUFH7HFKQRORJ\± 
>@ ; =HQJ ( 5XFNHQVWHLQ &URVVOLQNHG PDFURSRURXV FKLWRVDQ DQLRQH[FKDQJH
PHPEUDQHVIRUSURWHLQVHSDUDWLRQV-0HPEUDQH6FL
>@ ; :DQJ + *X ) <LQ < 7X $ JOXFRVH ELRVHQVRU EDVHG RQ 3UXVVLDQ
EOXHFKLWRVDQK\EULGILOP%LRVHQV%LRHOHFWURQ±
>@;&KH5<XDQ<&KDL-/L=6RQJ:/L;=KRQJ$JOXFRVHELRVHQVRU
EDVHG RQ FKLWRVDQ3UXVVLDQ EOXHPXOWLZDOO FDUERQ QDQRWXEHV±KROORZ 3W&R
QDQRFKDLQV IRUPHG E\ RQHVWHS HOHFWURGHSRVLWLRQ &ROORLGV 6XUI %  
±

Chapter 1. General Introduction 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
____________________________________________________________________________________ 

 >@ / =KDQJ -:HL; =KDR ) /L ) -LDQJ0 =KDQJ;&KHQJ 5HPRYDO RI
VWURQWLXP,,DQGFREDOW,,IURPDFLGLFVROXWLRQE\PDQJDQHVHDQWLPRQDWH&KHP
(QJ-±
>@0*KDO\)DULGD06((O'DUV00+HJD]\52$EGHO5DKPDQ(YDOXDWLRQ
RI V\QWKHWLF %LUQHVVLWH XWLOL]DWLRQ DV D VRUEHQW IRU FREDOW DQG VWURQWLXP UHPRYDO
IURPDTXHRXVVROXWLRQ&KHP(QJ-±
>@ 66 0HWZDOO\ ,0 $KPHG +( 5L]N 0RGLILFDWLRQ RI K\GUR[\DSDWLWH IRU
UHPRYDO RI FHVLXPDQG VWURQWLXP LRQV IURPDTXHRXV VROXWLRQ -$OOR\&RPSG

>@&*XpYDU$+HUW](%UDFN[<%DUUp$*UDQGMHDQ0HFKDQLVPVRIVWURQWLXP
UHPRYDOE\D%DWLWDQDWHPDWHULDOIRUWKHZDVWHZDWHUWUHDWPHQW-(QYLURQ&KHP
(QJ±
>@ -1DNDPXUD7.DVXJD<6DNND 3UHSDUDWLRQ RI FDUEDPDWHFRQWDLQLQJ YDWHULWH
SDUWLFOHVIRUVWURQWLXPUHPRYDOLQZDVWHZDWHUWUHDWPHQW-RXUQDORI$VLDQ&HUDPLF
6RFLHWLHV±
>@--DQJ:0LUDQ6''LYLQH01DZD]$6KDK]DG6+:RR'6/HH5LFH
VWUDZEDVHGELRFKDUEHDGVIRUWKHUHPRYDORIUDGLRDFWLYHVWURQWLXPIURPDTXHRXV
VROXWLRQ6FL7RWDO(QYLURQ±
>@ - /RQJ + /L ' -LDQJ ' /XR < &KHQ - ;LD ' &KHQ %LRVRUSWLRQ RI
VWURQWLXP,, IURP DTXHRXV VROXWLRQV E\ %DFLOOXV FHUHXV LVRODWHG IURP VWURQWLXP
K\SHUDFFXPXODWRU$QGURSRJRQJD\DQXV3URFHVV6DI(QYLURQ±
>@ 2 &KDDODO $< =HNUL $0 6ROLPDQ $ QRYHO WHFKQLTXH IRU WKH UHPRYDO RI
VWURQWLXP IURPZDWHU XVLQJ WKHUPRSKLOLF EDFWHULD LQ DPHPEUDQH UHDFWRU - ,QG
(QJ&KHP±
>@=930XUWK\6QHKDO3DUPDU5HPRYDORIVWURQWLXPE\HOHFWURFRDJXODWLRQXVLQJ
VWDLQOHVVVWHHODQGDOXPLQXPHOHFWURGHV'HVDOLQDWLRQ±
>@ 5 .DPDUDM 6 9DVXGHYDQ (YDOXDWLRQ RI HOHFWURFRDJXODWLRQ SURFHVV IRU WKH
UHPRYDORIVWURQWLXPDQGFHVLXPIURPDTXHRXVVROXWLRQ&KHP(QJ5HV'HV
±
>@ $. 9LSLQ 6 /LQJ % )XJHWVX 5HPRYDO RI &V DQG 6U IURP ZDWHU XVLQJ
0:&17UHLQIRUFHG=HROLWH$EHDGV0LFURSRU0HVRSRU0DW

Chapter 1. General Introduction 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
____________________________________________________________________________________ 

>@: /L\D = *XDQJKXL: 4XDQ]KHQ + /L
DQ * 3LQJ 5HPRYDO RI VWURQWLXP
IURP OLTXLG ZDVWH XVLQJ D K\GUDXOLF SHOOHW FRSUHFLSLWDWLRQ PLFURILOWUDWLRQ
+3&0)SURFHVV'HVDOLQDWLRQ±
>@=&KX -/LX&+DQ5HPRYDO RI VWURQWLXP LRQV IURPDTXHRXV VROXWLRQXVLQJ
K\EULG PHPEUDQHV .LQHWLFV DQG WKHUPRG\QDPLFV &KLQHVH - &KHP (QJ 
±
>@++RQJ+6-HRQJ%.LP-+RQJ,3DUN75\X.&KXQJ+.LP-5\X
+LJKO\ VWDEOH DQG PDJQHWLFDOO\ VHSDUDEOH DOJLQDWH)H2 FRPSRVLWH IRU WKH
UHPRYDORIVWURQWLXP6UIURPVHDZDWHU&KHPRVSKHUH
>@++RQJ%.LP-5\X,3DUN.&KXQJ60/HH-/HH+6-HRQJ+.LP
75\X3UHSDUDWLRQRIKLJKO\VWDEOH]HROLWHDOJLQDWHIRDPFRPSRVLWHIRUVWURQWLXP
6U UHPRYDO IURP VHDZDWHU DQG HYDOXDWLRQ RI 6U DGVRUSWLRQ SHUIRUPDQFH -
(QYLURQ0DQDJH
>@65&KRH<+DOGRUDL6-DQJ05HWKLQDVDEDSDWK\</HH<+DQ<-XQ&
5RK<+XK)DEULFDWLRQRIDOJLQDWHKXPLFDFLG)HDPLQRFOD\K\GURJHOFRPSRVHG
RI D JUDIWHGQHWZRUN IRU WKH HIILFLHQW UHPRYDO RI VWURQWLXP LRQV IURP DTXHRXV
VROXWLRQ(QYLURQPHQWDO7HFKQRORJ\	,QQRYDWLRQ±
>@72QLVKL6.R\DPD+0LPXUD5HPRYDORI]LUFRQLXPIURPVSHQWIXHOVROXWLRQ
E\DOJLQDWHJHOSRO\PHU3URJ1XFO(QHUJ
>@ ' .LP $ -R + <DQJ % 6HR . /HH 7 /HH &RORULPHWULF GHWHFWLRQ DQG
UHPRYDO RI UDGLRDFWLYH&R LRQV XVLQJ VRGLXP DOJLQDWHEDVHG FRPSRVLWH EHDGV -
+D]DUG0DWHU±
>@$.9LSLQ6/LQJ%)XJHWVX6RGLXPFREDOWKH[DF\DQRIHUUDWHHQFDSVXODWHGLQ
DOJLQDWH YHVLFOH ZLWK &17 IRU ERWK FHVLXP DQG VWURQWLXP UHPRYDO &DUERK\G
3RO\P±
>@613DZDU.-(GJDU$OJLQDWHGHULYDWL]DWLRQ$UHYLHZRIFKHPLVWU\SURSHUWLHV
DQGDSSOLFDWLRQV%LRPDWHULDOV
>@ + )XNX]XPL 7 6DLWR $ ,VRJDL ,QIOXHQFH RI 7(032R[LGL]HG FHOOXORVH
QDQRILEULOOHQJWKRQILOPSURSHUWLHV&DUERK\G3RO\P±
 >@ %(% 8ULEH (06 &KLURPLWR $-) &DUYDOKR 5 $UHQDO -5 7DUSDQL
7(032R[LGL]HG FHOOXORVH QDQRILEHUV DV LQWHUIDFLDO VWUHQJWKHQHU LQ
FRQWLQXRXVILEHU UHLQIRUFHG SRO\PHU FRPSRVLWHV 0DWHU 'HVLJQ  
Chapter 1. General Introduction 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
____________________________________________________________________________________ 

±
>@6)XMLVDZD76DLWR6.LPXUD7,ZDWD$,VRJDL&RPSDULVRQRIPHFKDQLFDO
UHLQIRUFHPHQW HIIHFWV RI VXUIDFHPRGLILHG FHOOXORVH QDQRILEULOV DQG FDUERQ
QDQRWXEHVLQ3//$FRPSRVLWHV&RPSRV6FL7HFKQRO±
>@.%+DPRX+.DGGDPL$'XIUHVQH6%RXIL$0DJQLQ)(UFKLTXL,PSDFW
RI7(032R[LGL]DWLRQVWUHQJWKRQWKHSURSHUWLHVRIFHOOXORVHQDQRILEULOUHLQIRUFHG
SRO\YLQ\ODFHWDWHQDQRFRPSRVLWHV&DUERK\G3RO\P±
>@ '2 &DUOVVRQ . +XD - )RUVJUHQ $ 0LKUDQ\DQ $VSLULQ GHJUDGDWLRQ LQ
VXUIDFHFKDUJHG 7(032R[LGL]HG PHVRSRURXV FU\VWDOOLQH QDQRFHOOXORVH ,QW -
3KDUP±
>@0(%DNNDUL9%LQGLJDQDYLOH-*RQFDOYHV<%ROXN3UHSDUDWLRQRIFHOOXORVH
QDQRILEHUV E\ 7(032R[LGDWLRQ RI EOHDFKHG FKHPLWKHUPRPHFKDQLFDO SXOS IRU
FHPHQWDSSOLFDWLRQV&DUERK\G3RO\P±
>@$$6KHID-$PLULDQ+-.DQJ6+%DH+-XQJ+&KRL6<RXQJ/HH%
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>@ 6 /LX + /LDQJ 7 6XQ ' <DQJ 0 &DR $ UHFRYHUDEOH GHQGULWLF
SRO\DPLGRDPLQH LPPRELOL]HG 7(032 IRU HIILFLHQW FDWDO\WLF R[LGDWLRQ RI
FHOOXORVH&DUERK\G3RO\P±
>@ 66 /DO 67 0KDVNH $J%U DQG $J&O QDQRSDUWLFOH GRSHG 7(032R[LGL]HG
PLFURILEHU FHOOXORVH DV D VWDUWLQJ PDWHULDO IRU DQWLPLFURELDO ILOWHU &DUERK\G
3RO\P±
>@ % 6RQL (% +DVVDQ 0: 6FKLOOLQJ % 0DKPRXG 7UDQVSDUHQW
ELRQDQRFRPSRVLWH ILOPV EDVHG RQ FKLWRVDQ DQG 7(032R[LGL]HG FHOOXORVH
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,QWURGXFWLRQ
7KH OLPLWHG UHPDLQLQJ VXSSO\ RI IRVVLO IXHOEDVHG HQHUJ\ VRXUFHV LQFOXGLQJ
SHWUROHXPRLOFRDODQGQDWXUDOJDVQHFHVVLWDWHWKHGHYHORSPHQWRIRWKHUHQHUJ\VRXUFHV
VXFKDVELRPDVV>@VRODUHQHUJ\>@ZLQGHQHUJ\DQGQXFOHDUILVVLRQ1XFOHDUILVVLRQ
LVRQHRI WKHPRVWZHOOGHYHORSHGDOWHUQDWLYHV WR IRVVLO IXHOVDQGFDQJHQHUDWHD ODUJH
DPRXQWRIHQHUJ\+RZHYHUQXFOHDU ILVVLRQVXIIHUV IURPWKHDVVRFLDWHGSURGXFWLRQRI
UDGLRDFWLYHZDVWH VXFK DV VWURQWLXP DQG FHVLXP IURP VSHQW QXFOHDU IXHO >@1XFOHDU
SRZHULQVWDOODWLRQVDUHDOVRVXVFHSWLEOHWRPDMRUQDWXUDOHYHQWVVXFKDVWKHWVXQDPLWKDW
VWUXFN WKH )XNXVKLPD 'DLLFKL 1XFOHDU 3RZHU 3ODQW RQ0DUFK   IROORZLQJ D
PDJQLWXGH0ZXQGHUVHDHDUWKTXDNHRIIWKHHDVWFRDVWRI-DSDQ7KHGLVDVWHUDWWKH
)XNXVKLPD'DLLFKL1XFOHDU3RZHU3ODQWLVWKHVHFRQGODUJHVWQXFOHDUGLVDVWHUDIWHUWKH
&KHUQRE\O GLVDVWHU RI  7KH WVXQDPL GDPDJHG WKH SODQW¶V FRRODQW HTXLSPHQW
OHDGLQJ WR WKUHH QXFOHDU PHOWGRZQV DQG WKH UHOHDVH RI UDGLRDFWLYH PDWHULDOV 7KH
UHVXOWLQJFRQWDPLQDWLRQRIZDWHUE\UDGLRDFWLYHPHWDOVVXFKDVFHVLXPDQGVWURQWLXP
KDVEHFRPHDFULWLFDOSUREOHPLQ-DSDQVLQFH&VLVDFDXVHRIFDQFHULQKXPDQV>@
3UXVVLDQ EOXH SRZGHU LV FRQYHQWLRQDOO\ XVHG LQ UHVSRQVH WR WKH UHOHDVH RI
UDGLRDFWLYH PHWDOV LQWR ZDWHU EHFDXVH RI WKH H[WUHPHO\ KLJK ELQGLQJ VHOHFWLYLW\ RI
3UXVVLDQEOXHIRUPHWDOVHVSHFLDOO\&V3UXVVLDQEOXHLURQ,,,KH[DF\DQRIHUUDWH,,
LV D GDUN EOXH SLJPHQWZLWK WKH FKHPLFDO IRUPXOD )H&1 DQG FDQ EH V\QWKHVL]HG
IURPWKHR[LGDWLRQRILURQ3UXVVLDQEOXHIRUPVFU\VWDOVZLWKDFDJHVL]HVLPLODUWRWKH
K\GUDWLRQUDGLXVRI&VDQGLVW\SLFDOO\XVHGDVDYHU\ILQHFROORLGDOGLVSHUVLRQEHFDXVH
RI LWV LQVROXELOLW\ LQ ZDWHU 3UXVVLDQ EOXH LV DOVR DSSURYHG E\ 86$ )RRG DQG 'UXJ
$GPLQLVWUDWLRQ)'$IRUXVHLQWKHFOLQLFDOWUHDWPHQWRISDWLHQWVH[SRVHGWRUDGLRDFWLYH
PHWDOV 6RIW PHWDO FDWLRQV FDQ EH H[FKDQJHG ZLWK 3UXVVLDQ EOXH
V LRQ ,W UHPDLQV
GLIILFXOW WR UHPRYH SDUWLFOHV RI 3UXVVLDQ EOXH IURP ZDWHU DIWHU WKH DGVRUSWLRQ RI
UDGLRDFWLYHPHWDO FRQWDPLQDQWV 7KHUHIRUH VHYHUDO 3UXVVLDQ EOXHFRQWDLQLQJPDWHULDOV
KDYH EHHQ GHYHORSHG WR LPSURYH LWV UHPRYDO IURP ZDWHU VXFK DV JUDQXOHV >@
QRQZRYHQ ILEHUV >@ FKLWLQ±3UXVVLDQ EOXH VSRQJHV >@ QDQRSDUWLFOHV >@ SRO\ YLQ\O
DOFRKRODQGFURVVOLQNHGDOJLQDWHPDWULFHVZLWKLPPRELOL]HG3UXVVLDQEOXH>@ 
&KLWRVDQ &76 LV D ELRSRO\PHU REWDLQHG E\ WKH GHDFHW\ODWLRQ RI FKLWLQ ,W LV
ELRFRPSDWLEOHELRGHJUDGDEOHDQGQRQWR[LF>±@0RUHRYHUPHWDOQDQRSDUWLFOHVFDQ
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EH LQFRUSRUDWHGZLWKFKLWRVDQWRIRUPDFRPSRVLWH>@ ,QWKLVZRUNZHGHYHORSHGD
QHZPDWHULDOIRUWKHUHPRYDORIUDGLRDFWLYHPHWDOFRQWDPLQDQWVIURPZDWHUEDVHGRQD
FKLWRVDQFRDWHGUD\RQILEHUWKDWFRQWDLQVLPPRELOL]HG3UXVVLDQEOXH.)H&76UD\RQ
)LEHUVZHUHFKRVHQDVWKHPRUSKRORJ\RIWKLVDGVRUEHQWPDWHULDOEHFDXVHRIWKHLUKLJK
VXUIDFHDUHD WRYROXPHUDWLR&KLWRVDQZDVFKRVHQDVDFDUULHUPDWHULDO WR LPPRELOL]H
WKH.)HRQWR WKH UD\RQ ILEHUEHFDXVHRI WKH DELOLW\RI FKLWRVDQ WR UHDFW VWURQJO\ZLWK
.)H>@%RWKWKHHIILFLHQWUHPRYDORIUDGLRDFWLYH&VIURPWKHDGVRUEHQWPDWHULDO
DQG WKH GHVRUSWLRQ RI .)H IURP WKH ILEHUV ZHUH DOVR LQYHVWLJDWHG 7KH ODWWHU WHVWV
FRQILUPHGWKDWWKHFRQFHQWUDWLRQRIGHVRUEHG.)HDF\DQLGHFRQWDLQLQJFRPSRXQGWKDW
FDQ UHVXOW LQ WR[LFLW\ LQ KXPDQV UHPDLQHG ZLWKLQ -DSDQ¶V DFFHSWDEOH HQYLURQPHQWDO
OLPLWVRIPJā/í

([SHULPHQWDO
2.2.1 Materials 
6SXQ \DUQ 6±UD\RQ  1-+% &2 JUDGH DQG FKLWRVDQ )/
'$&   P3DāV ZHUH VXSSOLHG IURP 2PLNHQVKL &R /WG -DSDQ DQG .R\R
&KHPLFDO &R /WG -DSDQ UHVSHFWLYHO\ 3UXVVLDQ EOXH .)H>)H&1@ XVHG DV D
VRXUFHRI.)HZDVVXSSOLHGE\+LWDFKL=RVHQ&RUSRUDWLRQ-DSDQ3RWDVVLXPSHULRGDWH
.,2ZDVSXUFKDVHGIURP:DNR3XUH&KHPLFDO,QGXVWULHV/WG-DSDQ

2.2.2 Preparation of KFe/CTS/rayon fibers 
7KH .)H&76UD\RQ ILEHU ZDV SUHSDUHG DFFRUGLQJ WR D SUHYLRXVO\ SXEOLVKHG
SURFHGXUH >@ )LUVWO\ WKH 5D\RQ ILEHU ZDV ZDVKHG ZLWK GLVWLOOHG ZDWHU DW &
RYHUQLJKWIROORZHGE\DW&LQDQRYHQRYHUQLJKW7KHRSWLPDO.,2FRQFHQWUDWLRQ
ZDV HYDOXDWHG E\ VRDNLQJ UD\RQ ILEHU  J LQ D VROXWLRQ RI .,2  P/ ZLWK
FRQFHQWUDWLRQVUDQJLQJIURP±PJP/íDW&IRUK$IWHUVRDNLQJWKHUD\RQ
ZDVZDVKHGZLWKGLVWLOOHGZDWHUWKHQVRDNHGLQD&76VROXWLRQP/DW&
IRU  K 7KH UHVXOWLQJ PDWHULDO ZDV ZDVKHG DJDLQ ZLWK GLVWLOOHG ZDWHU 7KH
FKLWRVDQUD\RQILEHUZDVLPPRELOL]HGZLWK.)HE\VRDNLQJWKHFKLWRVDQUD\RQILEHU
J LQ D VROXWLRQ RI .)H  P/ ± P0 IRU  K DW YDULRXV WHPSHUDWXUHV
±&7KHILEHUZDVWKHQUHPRYHGIURPWKH.)HVROXWLRQZDVKHGZLWKGLVWLOOHG
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ZDWHU DQG GULHG DW & LQ DQ RYHQ WR REWDLQ WKH ILQDO .)H&76UD\RQ ILEHU 7KH
DPRXQWRI.)H LPPRELOL]HGRQ WKH ILEHUVZDVFDOFXODWHGE\PHDVXULQJ WKH UHPDLQLQJ
.)HFRQFHQWUDWLRQ LQ WKH VROXWLRQ DJDLQVW D FDOLEUDWLRQ FXUYHE\89YLV VSHFWURVFRS\
+LWDFKL8-DSDQ7KHDEVRUEDQFHZDVPHDVXUHGDWDZDYHOHQJWKRIQP

2.2.3 Morphology of KFe/CTS/rayon fiber and determination of CTS and 
KFe fiber loadings 
7KH PRUSKRORJLHV RI WKH UD\RQ &76UD\RQ DQG .)H&76UD\RQ ILEHUV ZHUH
LPDJHG XVLQJ VFDQQLQJ HOHFWURQPLFURVFRS\ 6(0 -(2/ -60) -DSDQ (DFK
VDPSOHZDVZDVKHG DIWHU HDFK WUHDWPHQWZLWK GLVWLOOHGZDWHU DQG GULHG DW & LQ DQ
RYHQ7KHPRUSKRORJLHVRIERWKWKHILEHUVXUIDFHDQGFURVVVHFWLRQZHUHREVHUYHG7KH
SUHVHQFH RI .)H RQ WKH VXUIDFH RI .)H&76UD\RQ ILEHU ZDV FRQILUPHG XVLQJ ;UD\
SKRWRHOHFWURQVSHFWURVFRS\;366KLPD]X(6&$-DSDQZLWKDPRQRFKURPDWLF
$O.ĮUDGLDWLRQH9DQGDQRQPRQRFKURPDWHG0J.Į;UD\VRXUFH
H9
2.2.4 KFe desorption test 
5D\RQILEHUVJZHUHVWLUUHGLQDVROXWLRQRI.,2P/PJāP/íDW&IRU
K7KHILEHUVZHUHWKHQZDVKHGZLWKGLVWLOOHGZDWHUDQGVRDNHGLQD&76VROXWLRQ
P/DW&IRUKEHIRUHEHLQJZDVKHGZLWKGLVWLOOHGZDWHU7KHUD\RQILEHUZDV
LPPRELOL]HGZLWK.)HE\VRDNLQJLQDVROXWLRQRI.)HP/P0IRUKDWURRP
WHPSHUDWXUH7KH.)H&76UD\RQILEHUZDVWKHQUHPRYHGDQGVRDNHGLQGLVWLOOHGZDWHU
IRUHLWKHURQHGD\WKUHHGD\VRUVHYHQGD\V7KHZDWHUZDVUHSODFHGZLWKFOHDQGLVWLOOHG
ZDWHUHYHU\KLQHDFKFDVH$IWHUVRDNLQJWKHILEHUZDVGULHGDW&LQWKHRYHQ
7KH.)H&76UD\RQILEHUJZDVWKHQVWLUUHGLQSXUHZDWHUP/IRUHLWKHU
 RU  K DW URRP WHPSHUDWXUH WKHQ ZDV UHPRYHG IURP WKH ZDWHU  P/ RI HDFK
VROXWLRQZDVWKHQWUDQVIHUUHGWRDEHDNHUDQGKHDWHGXQWLOLWERLOHGDW&7KHQDTXD
UHJLDP/ZDVDGGHGWRLQLWLDWHDFLGGHFRPSRVLWLRQRIWKHRUJDQLFFRPSRXQGVDQG
.)H$IWHUFRPSOHWHHYDSRUDWLRQRIWKHDTXDUHJLDGLVWLOOHGZDWHUP/ZDVDGGHG
DQGWKHDPRXQWRI.)HWKDWKDGGHVRUEHGLQSXUHZDWHUZDVFDOFXODWHGE\PHDVXULQJWKH
FRQWHQW RI )H LRQV XVLQJ LQGXFWLYHO\ FRXSOHG SODVPDDWRPLF HPLVVLRQ VSHFWURPHWHU
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,&3$(66KLPDG]X,&36-DSDQ
2.2.5 Preparation and determination of KFe/CTS/rayon fiber in KFe 
solutions of different pH 
7KHS+RIWKH.)HVROXWLRQP0ZDVDGMXVWHGE\DGGLQJ+12VROXWLRQV
ZLWKFRQFHQWUDWLRQVRIHLWKHUDQGRU1D2+VROXWLRQVZLWKFRQFHQWUDWLRQVRI
HLWKHURUWRREWDLQ.)HVROXWLRQVP/ZLWKFRQFHQWUDWLRQVRIP0DQG
S+RIDQG$IWHUWKHVROXWLRQVKDG
EHHQWKXVSUHSDUHGWKH\ZHUHGLOXWHGWRP0.)HWRPHDVXUH89YLVDEVRUEDQFH
VSHFWUDEHWZHHQ±QP,QDGGLWLRQVROXWLRQVRI.)HP0ZLWKDS+RIHLWKHU
 DQGZHUH DGGHG WR D VROXWLRQRI.&O 0XQGHU VWLUULQJ IRU F\FOLF
YROWDPPHWU\&9PHDVXUHPHQWV%$6$/6&-DSDQZKLFKXVHGDVFDQQLQJVSHHG
RI9āVíDQGDVHQVLWLYLW\RIîí$āVí

2.2.6 Cs adsorption capacity using KFe/CTS/rayon fiber 
)LUVW WKH UD\RQ ILEHU  J ZDV VRDNHG LQ D VROXWLRQ RI .,2  P/ 
PJāP/íDW&IRUK7KHILEUHZDVZDVKHGZLWKGLVWLOOHGZDWHUDQGWKHQVRDNHGLQ
D&76VROXWLRQP/DW&IRUKEHIRUHZDVKLQJZLWKGLVWLOOHGZDWHUDJDLQ
7KHUD\RQILEHUZDVLPPRELOL]HGZLWK.)HE\VRDNLQJLQDVROXWLRQRI.)HP/
P0IRUKDW&WRREWDLQWKH.)H&76UD\RQILEHU7KLV.)H&76UD\RQILEHU
JZDVWKHQDGGHGWR&V&OVROXWLRQVP/ZLWKFRQFHQWUDWLRQVRIHLWKHURU
 SSPDW URRP WHPSHUDWXUH IRU  K7KH FRQFHQWUDWLRQRI&VZDVPHDVXUHG XVLQJ
,&3$(6DWDZDYHOHQJWKRIQP7KHDGVRUSWLRQFDSDFLW\SHUFHQWDJHZDVREWDLQHG
E\FRPSDULVRQZLWKDFDOLEUDWLRQFXUYHDQGFDOFXODWHGE\(T


 
L I

L
&V &VDGVRUSWLRQFDSDELOLW\  &V u  

:KHUH L&V  DQG I&V  DUHWKHLQLWLDODQGILQDO&VFRQFHQWUDWLRQVUHVSHFWLYHO\
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2.2.7 The effect of the KFe solution pH during KFe/CTS/rayon fiber 
preparation on Cs+ adsorption 
&V&OPJZDVDGGHGWRDVROXWLRQRI.)HP0VXFKWKDW WKHUHZHUH
HTXDODPRXQWVRI.)HDQG&V&O7KHS+RIWKH.)HVROXWLRQZDVDGMXVWHGWREHHLWKHU
     DQG  E\ WKH DGGLWLRQ RI HLWKHU +12 RU 1D2+
VROXWLRQV 7KH UHVXOWLQJ VROXWLRQVZHUH WKHQ GLOXWHG WR >.)H@   P0 IRU89YLV
PHDVXUHPHQWUDQJLQJIURP±QP 

2.2.8 Effect of pH on Cs+ desorption 
7KH .)H&76UD\RQ ILEHU SUHSDUHG E\ WKH PHWKRGV GHVFULEHG DERYH ZDV
VRDNHGLQDVROXWLRQRI&V&OP/SSPDWURRPWHPSHUDWXUHIRUK6ROXWLRQV
RI+12DQG1D2+P/ZLWKFRQFHQWUDWLRQVRIHLWKHURUZHUHSUHSDUHG
E\ VWLUULQJ DW URRP WHPSHUDWXUH.)H&76UD\RQ ILEHUV  JZLWK DGVRUEHG&VZHUH
DGGHGWRHDFKVROXWLRQ$IWHUKWKHILEHUVZHUHUHPRYHGDQGWKHFRORUFKDQJHVRIWKH
ILEHUVZHUHREVHUYHG7KHGHVRUSWLRQRI&VIURPWKHILEHUZDVDOVRLQYHVWLJDWHGE\
VRDNLQJWKH.)H&76UD\RQILEHUJZLWKDGVRUEHG&VLQDVROXWLRQRI+12
P/  DW  & DQG VWLUULQJ DW D VSHHG RI  USP 7KH &V FRQFHQWUDWLRQ ZDV
PHDVXUHGDWLQWHUYDOVXVLQJ,&3$(67KHGHVRUSWLRQZDVFDOFXODWHGXVLQJ(T




&V DPRXQW GHVRUEHG IURP ILEHU PJ&V GHVRUSWLRQ   î&V DPRXQW DGVRUEHG IURP ILEHU PJ  

2.2.9 Preparation of woven KFe/CTS/rayon fiber and determination of 
Cs+ adsorption 
.)H&76UD\RQILEHUVZHUHLQWHUODFHGLQWRZRYHQILEHUVXVLQJHLWKHURUOLQHV
IURPEREELQV6î6îWRVKRZWKHDELOLW\WRVFDOHXSSURGXFWLRQRI
WKHVH PDWHULDOV LQ IXWXUH 7KHVH ILEHUV ZHUH PDQXIDFWXUHG E\ DQ LQWHUODFHG PDFKLQH
IURP.RNXEXQ/WG-DSDQ7KHLQWHUODFLQJFRQGLWLRQVZHUHVHWDWDQLQWHUODFLQJVSHHG
RI±USPDQGDJHDUUDWLRRIGHOLYHU\VLGHWRNQLWVLGHRIWR$ZRYHQ
.)H&76UD\RQILEHUZLWKDVLOYHUFRUHZDVDOVRSURGXFHG7KHLQWHUODFLQJPDFKLQHLV
VKRZQLQ)LJXUH
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
)LJXUH7KHLQWHUODFLQJPDFKLQH

2.2.10 Radioactive Cs+ adsorption test 
7KH DELOLW\ RI WKH IRXU W\SHV RI ZRYHQ .)H&76UD\RQ ILEHUV 6î
6î 6ZLWK D VLOYHU FRWWRQ FRUH DQG 6ZLWK D VLOYHU FRWWRQ FRUH WR
DGVRUE UDGLRDFWLYH&VZDV WHVWHG D³KRW WHVW´$VDPSOHRIHDFK W\SHRI ILEHU J
ZDVDGGHGWRUDGLRDFWLYHFHVLXPFRQWDLQLQJZDVWHZDWHUP/ZLWKDFRQFHQWUDWLRQ
RIa%TNJíDQGVKDNHQIRUK7KHUHPDLQLQJFRQFHQWUDWLRQRIUDGLRDFWLYH&V
LQVROXWLRQZDVGHWHUPLQHGE\DVSHFWURPHWHUVXUYH\PHWHUDIWHU UHPRYLQJ WKHZRYHQ
ILEHUV

2.2.11 Determination of the tensile properties of KFe/CTS/rayon fibers 
7KHWHQVLOHVWUHQJWKRIWKHIRXUW\SHVRIZRYHQ.)H&76UD\RQILEHUVZDVWHVWHG
XVLQJ D 8QLYHUVDO 7HVWLQJ0DFKLQH 6KLPDG]X$*;SOXV -DSDQ 7KH LQLWLDO VDPSOH
OHQJWKZDVPPDQGWKHVWUHWFKLQJUDWHZDVPPāPLQí7KHVWUHVVDWEUHDNLQJ
SRLQWZDVPHDVXUHGDVWHQVLOHVWUHQJWK

Chapter 2. Adsorption and desorption behaviors of cesium on rayon fibers coated with chitosan 
immobilized with Prussian blue  
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
____________________________________________________________________________________ 

5HVXOWVDQG'LVFXVVLRQ
2.3.1 Optimizing production conditions for KFe/CTS/rayon fibers 
7KHSURFHVVXVHG WR WKH.)H&76UD\RQ ILEHU LV VKRZQ LQ)LJXUH$VSUHYLRXVO\
UHSRUWHG>@WKHUD\RQILEHUVZHUHILUVWR[LGL]HGXVLQJ.,2WRFOHDYHWKH&±&ERQG
RI WKH JOXFRVH UHVLGXHV JLYLQJ DOGHK\GHV DW WKH & DQG & SRVLWLRQV 7KH UHVXOWLQJ
DOGHK\GHVIRUPDPLQROLQNDJHZLWKWKHDPLQRJURXSRI&76RQWUHDWPHQWZLWKD&76
VROXWLRQ)LQDOO\ WUHDWPHQWZLWK.)HVROXWLRQJLYHV WKHGHVLUHG.)H&76UD\RQILEHU
RQZKLFK.)HLVLPPRELOL]HGE\FDWLRQH[FKDQJHIURP.WR1+7KHRSWLPL]DWLRQRI
WKHFRQGLWLRQVIRUWKH.,2R[LGDWLRQLVFRQVLGHUHGILUVWWKHFRQFHQWUDWLRQRIWKH.,2
VROXWLRQVXVHG IRU WKHSUHSDUDWLRQRI.)H&76UD\RQILEHUVZDVYDULHGEHWZHHQ±
PJāP/íWRILQGWKHRSWLPDOFRQFHQWUDWLRQRI.,2WRSURGXFHILEHUVFRDWHGZLWK&76
DQGLPPRELOL]HGZLWK.)H7KHORDGLQJVRI.)HDFKLHYHGLQWKH.)H&76UD\RQILEHUV
JDUHVKRZQLQ)LJXUH7KHILEHUV WKRVHZHUHQRW WUHDWHGZLWK.,2DQG&76
ZHUH XQDEOH WR LPPRELOL]H .)H DQG ILEHUV WUHDWHG ZLWK RQO\ &76 FRXOG RQO\
LPPRELOL]H VPDOO DPRXQWV RI .)H :KHQ WKH ILEHUV ZHUH WUHDWHG ZLWK .,2 DW D
FRQFHQWUDWLRQ RI ±PJāP/í WKH.)H ORDGLQJ RQ WKH ILEHUV JUDGXDOO\ LQFUHDVHG
XQWLOLWUHDFKHGDPD[LPXPYDOXHDWPJāP/íDIWHUWKDWWKHORDGLQJGHFUHDVHGDJDLQ
$W.,2FRQFHQWUDWLRQVRI±PJāP/íWKH.,2FOHDYHVWKH&±&ERQGRIWKH
JOXFRVHUHVLGXHVLQWKHUD\RQZKLOHFRQFHQWUDWLRQVRI±PJāP/íOLNHO\UHVXOWLQ
WKH UD\RQ VWUXFWXUH DOVR EHLQJ GHJUDGHG 7KH GHJUDGHG UD\RQ VWUXFWXUH UHVXOWHG LQ
UHGXFHGORDGLQJVRI.)HRQWKHUD\RQILEHUV 
7KH HIIHFW RI WKH FRQFHQWUDWLRQ DQG WHPSHUDWXUH RI WKH .)H VROXWLRQ RQ WKH
LPPRELOL]DWLRQRI.)HRQWKHUD\RQILEHUVLVVKRZQLQ)LJXUHDDQG)LJXUH
E UHVSHFWLYHO\ $V WKH FRQFHQWUDWLRQ RI WKH .)H VROXWLRQ ZDV LQFUHDVHG WKH .)H
ORDGLQJRQ ILEHU LQFUHDVHGGUDPDWLFDOO\+RZHYHU WKHUDWHRI LQFUHDVH LQ.)H ORDGLQJ
GHFUHDVHG DV DW KLJKHU.)H FRQFHQWUDWLRQV DQG DW P0 WKH.)H ORDGLQJZDV 
ȝPROāJí ,QWHUHVWLQJO\D.)H ORDGLQJRIXS WRȝPROāJíZDVDFKLHYHGZKHQ WKH
VROXWLRQ ZDV KHDWHG WR  & VXJJHVWLQJ WKDW KHDWLQJ ZDV DQ HIIHFWLYH PHDQV RI
LQFUHDVLQJWKH.)HORDGLQJ


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
)LJXUH3UHSDUDWLRQSURFHVVRI.)H&76UD\RQILEHU


)LJXUH5HODWLRQVKLSEHWZHHQWKH.,2FRQFHQWUDWLRQ 
DQGWKH.)HORDGLQJRQJRIILEHU

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
)LJXUH(IIHFWRIDWKH.)HFRQFHQWUDWLRQDQGEWKHLPPRELOL]DWLRQWHPSHUDWXUH
RIWKH.)HVROXWLRQRQWKH.)HORDGLQJRQILEHUV

2.3.2 Morphology of KFe/CTS/rayon fiber 
7KH VXUIDFHV DQG FURVVVHFWLRQV RI WKH UD\RQ&76UD\RQ DQG.)H&76UD\RQ
ILEHUV ZHUH REVHUYHG E\ 6(0 DV VKRZQ LQ )LJXUH  7KHVH UHVXOWV UHYHDOHG WKDW
VXUIDFHPRUSKRORJ\RIWKH.)H&76UD\RQILEHUKDGWKHKLJKHVWURXJKQHVVFRPSDUHGWR
WKRVH ZLWKRXW LPPRELOL]HG .)H 0RUHRYHU WKH H[LVWHQFH RI .)H RQ WKH VXUIDFH RI
.)H&76UD\RQ ILEHUV ZDV FRQILUPHG E\ ;36 DQDO\VLV DV VKRZQ LQ)LJXUH  $
VLJQLILFDQWSHDNZDVREVHUYHGDWDELQGLQJHQHUJ\%(RIaH9FRUUHVSRQGLQJWR
WKH )H S UHJLRQ ± H9 >í@ ,Q DGGLWLRQ D VSHFLILF %( SHDN DW  H9
FRUUHVSRQGHG WR )H S ZKLFK LV LQGLFDWLYH RI WKH )H,,, R[LGDWLRQ VWDWH >@ 7KH
SHDNVREVHUYHGIRUWKH.)H&76UD\RQILEHUVGLIIHUHGIURPWKRVHRI.)HRU&76$OVR
WKHEURDGSHDNREVHUYHG IRU WKH.)H&76UD\RQILEHUVKLIWHG IURPH9 WR
H9WKLVVKLIWLPSOLHVWKDW.)HZDVERXQGWR&76RQWKHILEHU7KHVHUHVXOWVFRQILUPHG
WKDW.)HZDVLPPRELOL]HGRQWKHILEHUV

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
)LJXUH6(0LPDJHVîPDJQLILFDWLRQRIWKHVXUIDFHRIDUD\RQILEHUE
&76UD\RQILEHUF.)H&76UD\RQILEHUDQGFURVVVHFWLRQVîPDJQLILFDWLRQRI
GUD\RQILEHUH&76UD\RQILEHUI.)H&76UD\RQILEHU



)LJXUH;36)HSVSHFWUDRI.)H&76UD\RQILEHU

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2.3.3 KFe desorption test 
7KHDPRXQWRI.)H WKDW FRXOGEHGHVRUEHG IURPHDFK ILEHUZDV FDOFXODWHGE\
,&3$(6 DQDO\VLV DV VKRZQ LQ )LJXUH  7KH DPRXQW RI .)H GHVRUSWLRQ ZDV
LQFUHDVHGZLWKLQFUHDVLQJGHVRUSWLRQWLPH7KHOHQJWKRIWLPHIRUZKLFKILEHUVZDVKHG
DIWHUWKH\KDGEHHQLPPRELOL]HGZLWK.)HZDVLQYHVWLJDWHG,WZDVIRXQGWKDWZDVKLQJ
WKHILEHUV IRUERWKDQGGD\VIROORZHGE\GHVRUELQJ LQSXUHZDWHU IRUK UHOHDVHG
DPRXQWVRI.)HWKDWZHUHJUHDWHUWKDQPJā/íDQGWKXVH[FHHGHGWKHHIIOXHQWOLPLWV
VSHFLILHGE\WKH0LQLVWU\RIWKH(QYLURQPHQW+RZHYHUZDVKLQJWKHILEHUVIRUGD\V
IROORZHGE\GHVRUELQJLQSXUHZDWHUIRUERWKDQGKRQO\UHOHDVHGORZ.)HDPRXQWV
WKDWZHUHZLWKLQ WKH HIIOXHQW OLPLWV7KHVH UHVXOWV VXJJHVWHG WKDW WKH ILEHUV VKRXOG EH
FOHDQHG ZLWK SXUH ZDWHU IRU  GD\V WR VXSSUHVV WKH DPRXQW RI .)H GHVRUSWLRQ DQG
PDLQWDLQ WKH OHYHOVRIUHOHDVHG.)HZLWKLQ WKH0LQLVWU\RI WKH(QYLURQPHQW¶VHIIOXHQW
OLPLWV


)LJXUH$PRXQWRI.)HGHVRUSWLRQIRUHDFKILEHU



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2.3.4 Cs+ adsorption tests 
7KH DPRXQW RI &V DGVRUEHG E\ WKH .)H&76UD\RQ ILEHU  J ZDV REWDLQHG
IURP ,&3$(6 DQDO\VLV DQG WKH UHVXOWV DUH VKRZQ LQ )LJXUH  $OO &V
FRQFHQWUDWLRQVVKRZHGD&VDGVRUSWLRQDPRXQWRIDERXWȝPROāJí6LQFHWKHDPRXQW
RI .)H LPPRELOL]HG RQ WKH ILEHUV ZDV  ȝPROāJí ZH FRQFOXGHG WKDW &V ZDV
UHPRYHGIURPWKHZDWHUE\DGVRUSWLRQRQWKH.)HLQDPRODUUDWLRRI&V.)H

)LJXUH$PRXQWRI&VDGVRUEHGSHUJRI.)H&76UD\RQILEHUDWYDULRXVLQLWLDO
FRQFHQWUDWLRQVRI&V

2.3.5 Cs+ desorption tests 
(1) Effect of pH of the KFe solution on the color changes measured by UV-vis 
spectroscopy 
89YLVVSHFWUDRIWKH.)HVROXWLRQDWYDULRXVS+DUHVKRZQLQ)LJXUH1R
FKDQJHV LQ WKH GDUN EOXH FRORU RI WKH .)H VROXWLRQ XQGHU DFLGLF FRQGLWLRQV S+
±FRXOGEHREVHUYHGE\WKHQDNHGH\H+RZHYHUFKDQJHVLQ WKHFRORURI WKH
.)H VROXWLRQ XQGHU DONDOLQH FRQGLWLRQV FRXOG EH FOHDUO\ VHHQ E\ WKH QDNHG H\H 7KH
FRORURIWKH.)HVROXWLRQDWS+DQGZDVGDUNJUHHQDQGJUHHQUHVSHFWLYHO\
7KH.)HVROXWLRQVZLWKS+RIDQGZHUHRUDQJHVXJJHVWLQJWKDWWKH.)HLQ
WKHVROXWLRQZDVJUDGXDOO\R[LGL]HGIURP3UXVVLDQEOXH)H>)H&1@± WR3UXVVLDQ
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\HOORZ)H>)H&1@±>@7KH89YLVVSHFWUDVKRZQLQ)LJXUHLQGLFDWHWKDW
WKH FKDQJHV LQ DEVRUEDQFH REVHUYHG IRU WKH GLIIHUHQW S+ VROXWLRQV RFFXUUHG EHWZHHQ
±QP7KHUDWHRIFKDQJHLQWKHDEVRUEDQFHDWS+JUHDWHUWKDQS+ZDVVORZ
7KH DEVRUEDQFH RI VROXWLRQV DW S+ZDV  DQG D FKDQJH LQ FRORUZDV REVHUYHG
XQGHUDFLGLFFRQGLWLRQVDWS+±7KHDEVRUEDQFHZDVVOLJKWO\LQFUHDVHGXQGHU
PRUH DFLGLF FRQGLWLRQV DW S+ ± EHFDXVH RI WKH SUHVHQFH RI ERWK
)H>)H&1@±DQG)H>)H&1@±VSHFLHV 

)LJXUH89YLVVSHFWUDRIWKH.)HVROXWLRQVDWGLIIHUHQWS+

(2) Effect of pH of KFe solution on current and potential voltage 
 7KHUHVXOWVRI&9PHDVXUHPHQWVDUHVKRZQLQ)LJXUHDQGVKRZWKDWLQ
DOOVDPSOHVWKHR[LGDWLRQSHDNRI)H>)H&1@±WR)H>)H&1@±RFFXUUHGDWa
9 ,Q DGGLWLRQ WKH SHDN IRU WKH UHGXFWLRQ RI )H>)H&1@± WR )H>)H&1@±
RFFXUUHG DW a 9 7KH XSSHU SHDNV FRUUHVSRQG WR WKH R[LGDWLRQ UHDFWLRQ DQG WKH
UHYHUVH SHDNV FRUUHVSRQG WR WKH UHGXFWLRQ UHDFWLRQ >@ )XUWKHUPRUH WKH SHDN
LQWHQVLWLHVGHFUHDVHGZKHQWKHS+RIWKH.)HVROXWLRQZDVUHGXFHGIURPWR
DQG  EHFDXVH WKH R[LGDWLRQ DQG UHGXFWLRQ UHDFWLRQV RI )H>)H&1@± DQG
)H>)H&1@±GLGQRWUHDGLO\RFFXUXQGHUDFLGLFFRQGLWLRQV
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
)LJXUH&\FOLFYROWDPPRJUDPVRIWKH.)HVROXWLRQVDWGLIIHUHQWS+

(3) Evaluation of KFe/CsCl solution at different pH levels 
 7KH89YLVVSHFWUDRI.)H&V&OVROXWLRQVDWGLIIHUHQWS+YDOXHVDUHVKRZQLQ
)LJXUH7KHVHUHVXOWVVKRZWKDWWKHDEVRUSWLRQSHDNVDW±QPDUHSUHVHQWHG
LQDOOVDPSOHV7KHDEVRUEDQFHRIWKH.)H&V&OVROXWLRQDWS+YDOXHVRI
DQGFRQILUPHGWKDWWKHFRORURIWKHVROXWLRQZDVWKLQQHUGDUNEOXHWKDQWKHRWKHU
VROXWLRQVZKHUHDVWKHGLIIHUHQFHLQWKHDEVRUEDQFHDWS+±ZDVLQVLJQLILFDQW
7KH DEVRUEDQFH ZDV GHFUHDVHG ZLWK S+ XQGHU DONDOLQH FRQGLWLRQV LH DW S+
± +RZHYHU WKH .)H&V&O VROXWLRQ DW S+ ± VKRZHG D KLJKHU
DEVRUEDQFHYDOXHWKDQWKDWRIWKHSXUH.)HVROXWLRQ7KLVILQGLQJVXJJHVWVWKDWWKH&VLQ
WKH.)H&V&OPL[WXUH VROXWLRQPD\ UHDFWZLWK WKH.)H VWUXFWXUH OHDGLQJ WR D KLJKO\
VWDEOH.)HVWUXFWXUHDWKLJKS+7KHVWDELOLW\RIWKHVHVWUXFWXUHVZDVGLIILFXOWWRFKDQJH
VRWKHHIIHFWRIWKHS+RIWKH.)H&V&OPL[WXUHVROXWLRQDWKLJKS+ZDVOHVVWKDQWKDWRI
WKH.)HVROXWLRQ

)LJXUH89YLVVSHFWUDRIWKH.)H&V&OVROXWLRQDWGLIIHUHQWS+OHYHOV
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(4) Effect of pH of KFe/CsCl solution on cyclic voltammetry measurements 
 7KHUHVXOWVRIWKHS+GHSHQGHQW&9PHDVXUHPHQWVRI.)H&V&OVROXWLRQVDUH
VKRZQ LQ )LJXUH  8QOLNH WKH .)H VROXWLRQ QR SHDNV FRUUHVSRQGLQJ WR HLWKHU
)H>)H&1@± RU )H>)H&1@± FRXOG EHGHWHFWHG LQ WKH.)H&V&O XQGHU DFLGLF
FRQGLWLRQV DW S+  RU DW S+  +RZHYHU WKH SHDNV FRUUHVSRQGLQJ WR
)H>)H&1@± DQG )H>)H&1@± FDQ EH REVHUYHG LQ WKH .)H&V&O PL[WXUH
VROXWLRQXQGHUEDVLFFRQGLWLRQVDWS++RZHYHUWKHSHDNZDVORZHUWKDQWKDWRI
WKH .)H VROXWLRQ 7KLV UHVXOW FRQILUPHG WKDW WKH FRPSOH[HV LQFOXGHG &V DUH KLJKO\
VWDEOH

)LJXUH&\FOLFYROWDPPRJUDPVRIWKH.)H&V&OVROXWLRQDWGLIIHUHQWS+OHYHOV
 
(5) Effect of pH on the Cs+ desorption 
7KH DGVRUEHG&VZDV UHPRYHG IURP WKH.)H&76UD\RQ ILEHU E\ VRDNLQJ WKH
ILEHU LQ 1D2+ RU +12 VROXWLRQ 6RDNLQJ WKH ILEHUV LQ 1D2+ VROXWLRQV ZLWK
FRQFHQWUDWLRQVRIDQGUHVXOWHGLQDFKDQJHRIWKHFRORURIWKHILEHUVIURPGDUN
EOXH WR RUDQJH EHFDXVH .)H LQ WKH ILEHU ZDV R[LGL]HG IURP )H>)H&1@± WR
)H>)H&1@± )XUWKHUPRUH WKH ILEHUV DSSHDUHG WR PHOW VOLJKWO\ LQ  1D2+
VROXWLRQDQGWKHILEHUVGLVVROYHGFRPSOHWHO\LQ1D2+VROXWLRQ7KHGLVVROXWLRQRI
WKHILEHUVLPSOLHGWKHGHVRUSWLRQRI&VXQGHUDONDOLQHFRQGLWLRQVZRXOGEHGLIILFXOWWR
PHDVXUH WKXV +12ZDV XVHG LQVWHDG 7KH FRORU RI WKH ILEHUV UHPDLQHG XQFKDQJHG
DIWHUWKH\ZHUHVRDNHGLQD+12VROXWLRQ6LQFH&76LQWKHILEHUVFDQEHGLVVROYHG
XQGHUWKHVHDFLGLFFRQGLWLRQVWKHXVHRIDQG+12VROXWLRQFDXVHGGDPDJHWR
WKHILEHUV7KHUHIRUHWKHRSWLPDOFRQGLWLRQIRUWKH&VGHVRUSWLRQPHDVXUHPHQWZDVDQ
+12VROXWLRQZLWKDFRQFHQWUDWLRQRI
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(6) Cs+ desorption tests 
7KHGHVRUSWLRQRI&VZDVWHVWHGE\VRDNLQJWKHILEHUVLQD+12VROXWLRQ
IRUYDULRXVSHULRGV7KHUHVXOWVRIWKHVHWHVWVDUHVKRZQLQ)LJXUH7KHPD[LPXP
DPRXQW RI &V GHVRUSWLRQ  ZDV REVHUYHG ZKHQ WKH GHVRUSWLRQ UHDFWLRQ
SURFHHGHGIRUK7KHSHUFHQWDJHRI&VGHVRUSWLRQVKRZHGDIOXFWXDWLQJWUHQGEHFDXVH
ERWK WKH DGVRUSWLRQ DQG GHVRUSWLRQ RI &V RQ WKH ILEHU FRXOG EH FRQVLGHUHG WR RFFXU
WKURXJKRXWWKHVRDNLQJWLPH7KHDEXQGDQW+LQWKH+12VROXWLRQFRXOGH[FKDQJHIRU
WKH DGVRUEHG &V RQ WKH .)H ZKLFK DJUHHV ZLWK SUHYLRXV UHSRUWV WKDW + FDQ EH
H[FKDQJHGIRU&VRQ]LUFRQLXPSKRVSKDWH>@


)LJXUH&VGHVRUSWLRQWHVWXVLQJ+12VROXWLRQ

2.3.6 Woven KFe/CTS/rayon fibers 
(1) Tensile properties of the different woven KFe/CTS/rayon fiber types 
7KH ILEHU ZHLJKW ILEHU GLDPHWHU WHQVLOH VWUHQJWK DQG HORQJDWLRQ DW EUHDN RI
LQWHUODFHGZRYHQ.)H&76UD\RQILEHUVDUHVXPPDUL]HGLQ7DEOH,WZDVIRXQGWKDW
WKH WHQVLOH VWUHQJWKV RI 6î DQG 6î ILEHUV ZHUH  DQG 03D
UHVSHFWLYHO\ $OVR WKH WHQVLOH VWUHQJWKV RI ERWK WKH 6î DQG 6î ILEHUV
ZKLFK KDG D VLOYHU FRWWRQ FRUH ZHUH KLJKHU WKDQ WKRVH ZLWKRXW D VLOYHU FRWWRQ FRUH
DQG03DUHVSHFWLYHO\7KHHORQJDWLRQDWWKHEUHDNRIILEHUVVKRZHGWKH
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VDPH WUHQG DV WKH WHQVLOH VWUHQJWK 7KHVH YDOXHV PDWFK FORVHO\ EHFDXVH WKH WHQVLOH
VWUHQJWKRIVLOYHUFRWWRQZDVKLJKHUWKDQWKDWRI.)H&76UD\RQILEHU

7DEOH7HQVLOHSURSHUWLHVRIGLIIHUHQW.)H&76UD\RQZRYHQILEHUV
VDPSOHQDPH
ILEHU
ZHLJKW
PJP
ILEHU
GLDPHWHU
ȝP
WHQVLOH
VWUHQJWK
03D
HORQJDWLRQ
DWEUHDN

6î      
6î    
6îZLWKVLOYHUFRWWRQFRUH    
6îZLWKVLOYHUFRWWRQFRUH    

(2) Radioactive cesium adsorption test 
)RXU W\SHV RI ZRYHQ .)H&76UD\RQ ILEHUV QDPHO\ 6î 6î
6ZLWKVLOYHUFRWWRQFRUHDQG6ZLWKDVLOYHUFRWWRQFRUHZHUHWHVWHGIRUWKHLU
FDSDELOLW\WRXSWDNHUDGLRDFWLYHFHVLXP(DFKW\SHRIILEHUJZDVSXWLQWRUDGLRDFWLYH
&VFRQWDLQLQJ ZDVWHZDWHU  P/ ZLWK D FRQFHQWUDWLRQ RI a %TāNJí DQG
VKDNHQIRUK7KHUHVXOWVRIWKLVUDGLRDFWLYH&VDGVRUSWLRQWHVWDUHVKRZQLQ)LJ
ZKLFK LQGLFDWH WKDW DOO WKH LQWHUODFHG ILEHUV FDQ DGVRUE &V $PRQJ WKHVH ILEHUV WKH
6îILEHUVKRZHG WKHKLJKHVWDPRXQWRI&VDGVRUSWLRQZLWKDQXSWDNHRI
%TāJí EHFDXVHRI LWV UHODWLYHO\ ORZGHQVLW\ZKLFK DOORZHG&V WR SHQHWUDWH WKH ILEHU
VWUXFWXUH HDVLO\ ,QWHUHVWLQJO\ WKH  %TāJí WKDW ZDV DGVRUEHG E\ WKH ZRYHQ
.)H&76UD\RQ ILEHU 6î ZDV HTXDO WR WKH DPRXQW RI UDGLDWLRQ DGVRUEHG E\
.)H SRZGHU DORQH 7DNDKDVKL et al. >@ XVHG SRWDVVLXP ]LQF KH[DF\DQRIHUUDWH
.=Q>)H&1@ .=Q+&) .)H DQG ]HROLWH SRZGHUV WR DGVRUE &V   
%TāNJíDWKLJKS+DQGKLJK.FRQFHQWUDWLRQDQGIRXQGWKDWRQO\.=Q+&)SRZGHU
FRXOGUHGXFHWKHFRQFHQWUDWLRQRIUDGLRDFWLYH&VWROHVVWKDQ%TāJíZLWKLQ
PLQ 7KH GHFUHDVHG&V DGVRUSWLRQ VHHQ LQ WKH FDVH RI 3% SRZGHU UHVXOWHG IURP WKH
GHFRPSRVLWLRQRI.)HDWKLJKVROXWLRQS+,QDGGLWLRQ.LPet al. >@IRXQGWKDW WKH
&VDGVRUSWLRQFDSDFLW\RIYDULRXVDGVRUEHQWVLQDVKZDVWHZDVJUHDWHVWIRUSRWDVVLXP
QLFNHO KH[DF\DQRIHUUDWH .1L)H&1 31+) SRZGHU IROORZHG E\ .)H VRGLXP
WHWUDSKHQ\OERUDWH 1D%&+1D73%DQG]HROLWHSRZGHUV7KH\DOVR UHSRUWHG WKDW
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WKH RSWLPXP DVK VROXWLRQ S+ IRU WKH DGVRUSWLRQ RI &V E\ WKH DGVRUEHQWV ZDV 
+RZHYHUWKHVHSUHYLRXVUHSRUWVRQO\FRQVLGHUHGWKHHIIHFWVRIDGVRUEHQWVLQDSRZGHU
IRUPZKLFKPDNHVWKHPGLIILFXOWWRUHPRYHIURPWKHVHDRUGHFRQWDPLQDWHGZDWHUDIWHU
&V DGVRUSWLRQ ,Q FRQWUDVW WR WKRVH SRZGHU DGVRUEHQWV RXU ZRYHQ.)H&76UD\RQ
ILEHULVHDV\WRUHPRYHDIWHUXVH


)LJXUH$GVRUSWLRQRIUDGLRDFWLYH&VXVLQJGLIIHUHQWLQWHUODFHGILEHUV

&RQFOXVLRQ
,Q WKLV ZRUN ZRYHQ ILEHUV FRDWHG ZLWK &76 LPPRELOL]HG ZLWK .)H ZHUH
VXFFHVVIXOO\SURGXFHG7KHXVHRI.,2DWDFRQFHQWUDWLRQRIPJāP/íZLWKKHDWLQJ
DW&ZDVWKHRSWLPDOFRQFHQWUDWLRQWRHQVXUHPD[LPXPORDGLQJRIWKH.)HRQWKH
&76FRDWHG ILEHU ,W FRXOG EH FRQFOXGHG WKDW GLSSLQJ WKH ILEHU LQ .)H VROXWLRQ ZLWK
KHDWLQJZDVYHU\HIIHFWLYHIRULPPRELOL]DWLRQRI.)HRQWKHILEHUV7KH&VDGVRUSWLRQ
WHVWVKRZHGWKDWWKH.)HRQWKHILEHUVFRXOGUHDFWZLWK&VLQWKHZDWHUDQGFRPSOH[HG
&VDWDPRODUUDWLRRIDSSUR[LPDWHO\)XUWKHUPRUHWKH&VGHVRUSWLRQWHVWVKRZHG
WKDWWKHPD[LPXPGHVRUSWLRQWKDWFRXOGEHREWDLQHGZDV7KLVUHVXOWVXJJHVWHG
WKDWWKHUHXVHRIWKHVHILEHUVZRXOGEHSRVVLEOH0RUHRYHUWKHUHVXOWVVKRZHGWKHILEHUV
KDGDQDGVRUSWLRQFDSDFLW\RI%TāJíLQWKHWHVWXVLQJIO\DVKH[WUDFWVFRQWDLQLQJ
UDGLRDFWLYH &V 7KLV DGVRUSWLRQ FDSDFLW\ ZDV FRPSDUDEOH WR XVLQJ .)H DORQH ,Q
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FRQFOXVLRQZHVXJJHVWWKDWWKHLUFHOOXORVHVWUXFWXUHPHDQVWKHVHZRYHQ.)H&76UD\RQ
ILEHUV VKRZ KLJK SRWHQWLDO IRU XVH DV ILOWHU SDSHU WR UHPRYH &V FRQWDPLQDWLRQ IURP
ZDWHU 

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,QWURGXFWLRQ
7KHFRQWDPLQDWLRQRIZDWHUZLWK UDGLRDFWLYHFHVLXP &V LV D VHULRXVSUREOHP
EHFDXVH&VFDQEHDFFXPXODWHGLQWKHVRIWWLVVXHRIKXPDQV2QHRIWKHPDMRUDFFLGHQWV
WKDW UDLVHG WKH XUJHQF\ RI WUHDWLQJ VXFK FRQWDPLQDWHG ZDWHU ZDV WKH GDPDJH RI WKH
)XNXVKLPD'DLLFKL1XFOHDU3RZHU3ODQWDIWHUWKHHDUWKTXDNHLQ(DVW-DSDQ5DGLRDFWLYH
&V FDQ EH UHPRYHG YLD DGVRUSWLRQ RU DEVRUSWLRQ XVLQJ YDULRXV PDWHULDOV LQFOXGLQJ
]HROLWH RU ]HROLWH FRPSOH[HV >@ FOLQRSWLOROLWHULFK WXIIV >@ DQG K\EULGL]HG
PLFURSRURXV VLOLFDEDVHG IXQFWLRQDOPDWHULDOV >@ ,Q DGGLWLRQ LURQ FRPSRVLWHV RU WKH
IXQFWLRQDOL]DWLRQ RI LURQ FRPSOH[HV KDV EHHQ SURSRVHG IRU &V UHPRYDO IURP
FRQWDPLQDWHGZDWHU6XFKPDWHULDOV LQFOXGHPHWDO IHUURF\DQLGHDQLRQH[FKDQJH UHVLQV
>@ FREDOW IHUURF\DQLGHLPSUHJQDWHG RUJDQLF DQLRQ H[FKDQJHUV >@ FREDOW
IHUURF\DQLGHLPSUHJQDWHG SRO\PHUFKDLQJUDIWHG ILEHUV >@ SRWDVVLXP LURQ,,,
KH[DF\DQRIHUUDWH,,VXSSRUWRQDFWLYDWHGFDUERQ>@SRWDVVLXP]LQFKH[DF\DQRIHUUDWH
>@ 3UXVVLDQ EOXH 3% FRPSRVLWH PDWHULDO DQG PDWHULDOV IXQFWLRQDOL]HG ZLWK 3%
>@
3% >)H&1 LURQ,,, KH[DF\DQRIHUUDWH,,@ DOVR FDOOHG LURQ EOXH %HUOLQ
EOXH3DULVEOXHRU.)HLVDGDUNEOXHSLJPHQWXVHGLQSDLQWVDQGLWFRXOGEHV\QWKHVL]HG
E\ WKH R[LGDWLRQ RI LURQ 7KH .)H LRQV FDQ EH H[FKDQJHG ZLWK VRIW PHWDO FDWLRQV
LQFOXGLQJ&V 7KH K\GUDWLRQ UDGLXV RI&V LV FORVH WR WKH FDJH VL]H RI.)H FU\VWDOV
PDNLQJ .)H D JRRG FDQGLGDWH IRU WKH UHPRYDO RI &VFRQWDPLQDWHG ZDWHU YLD
DGVRUSWLRQ +RZHYHU WKH UHFRYHU\ RI DGVRUEHQWV DIWHU &V DGVRUSWLRQ PXVW EH
FRQVLGHUHG7KHUHIRUH.)HKDVEHHQ DSSOLHG LQYDULRXV IRUPV VXFK DVJUDQXOHV >@
VSRQJHV > @ ILEHUV >@ DQGPDJQHWLFPDWHULDOV > @ %DWFK DGVRUSWLRQZDV
SHUIRUPHG DQG&V UHPRYDO WKURXJK WKH FRQWLQXRXV IORZRI FRQWDPLQDWHGZDWHU LQ D
IL[HGEHGV\VWHPZDVDOVRLQYHVWLJDWHG>@
7KH UHFHQW WUHQG RI XVLQJ ELRPDWHULDOV DV DGVRUEHQWV KDV EHHQ H[WHQVLYHO\
DFNQRZOHGJHG LQ WKH OLWHUDWXUH $PRQJ WKH ODUJH QXPEHU RI ELRPDWHULDOV WKDW DUH
VWXGLHG FKLWLQ &7 LV DQ LPSRUWDQW UHVRXUFH EHFDXVH LW LV WKH VHFRQGPRVW DEXQGDQW
SRO\VDFFKDULGH LQ QDWXUH >@ ,W FDQ EH GHULYHG IURP FUDEV VKULPS VKHOOV LQVHFW
FXWLFOHVDQGIXQJDOFHOOZDOOVE\GHFDOFLILFDWLRQDQGDONDOLWUHDWPHQW7KHGHDFHW\ODWLRQ
RI&7UHVXOWVLQFKLWRVDQ&76DQRWKHUZHOONQRZQELRSRO\PHU%RWK&7DQG&76DUH
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ELRFRPSDWLEOHELRGHJUDGDEOHDQGQRQWR[LFPDWHULDOVDQGFDQWKXVEHDSSOLHGLQPDQ\
ILHOGVHJDVDGVRUEHQWLQWKHWUHDWPHQWRIFRQWDPLQDWHGZDWHU&7DQGLWVFRPSRVLWH
FDQ EH XVHG WR UHPRYH DUVHQLF >$V,,,@ FRSSHU DQG KD]DUGRXV G\HV IURP DTXHRXV
VROXWLRQV>@0RUHRYHU&7DQG&76SHUIRUPHYHQEHWWHUZKHQFRXSOHGZLWK.)H
>@,WZDVUHSRUWHGWKDW&VFDQEHUHPRYHGE\XVLQJ.)H&7VSRQJHV+RZHYHU
WKHVH VSRQJHV ZHUH REWDLQHG E\ V\QWKHVL]LQJ D .)H&76 FRPSRVLWH ZKLFK ZDV
UHDFHW\ODWHGWR\LHOG.)H&7VSRQJHV>@
,Q RXU SUHYLRXV UHVHDUFK UD\RQ ILEHUV FRDWHGZLWK&76DQG LPPRELOL]HGZLWK
.)HZHUH VXFFHVVIXOO\ SURGXFHG DQG WKH DGVRUSWLRQ DQG GHVRUSWLRQ EHKDYLRUV RI &V
ZHUH LQYHVWLJDWHG XVLQJ WKHVH ILEHUV >@ )LEHUV ZHUH FKRVHQ EHFDXVH RI WKHLU KLJK
VXUIDFHDUHDWRYROXPHUDWLR7RGDWHWKHUHKDVEHHQQRUHVHDUFKRQ.)H&7ILEHUVIRU
&V UHPRYDO 7KHUHIRUH WKLV VWXG\ DLPHG WR SUHSDUH .)H&7 FRPSRVLWH ILEHUV IRU
UHPRYLQJ &V IURP ZDWHU $FFRUGLQJ WR RXU SUHYLRXV ZRUN &76 FDQ UHDFW ZLWK
PRGLILHGUD\RQILEHUWKURXJK.,2>@2QWKHRWKHUKDQG&7FDQQRWUHDFWZLWKUD\RQ
ILEHUEHFDXVHLWVFKHPLFDOVWUXFWXUHGLIIHUVIURPWKDWRI&76WKHUHIRUHDQRWKHUVXSSRUW
PDWHULDOKDGWREHFKRVHQZKLFKLVQ\ORQ
5D\RQ LV PDGH IURP SXULILHG FHOOXORVH ZKLFK FDQ EH REWDLQHG IURP QDWXUDO
ILEHUVVXFKDVVLONZRROFRWWRQRUOLQHQ$VLQWKHSURGXFWLRQRIUD\RQILEHUFKHPLFDOV
DUHXVHGWRFRQYHUWWKHFHOOXORVHLQWRDVROXEOHFRPSRXQGDQGWKHGLVVROYHGFHOOXORVHLV
IRUFHGWKURXJKDVSLQQHUHWWRSURGXFHILODPHQWVLWLVFRQVLGHUHGDVHPLV\QWKHWLFILEHU
>@,QWKLVZRUNYLVFRVHUD\RQ&+2QZDVXVHGDVWKHVXSSRUWHUILEHUIRU&76
9LVFRVH UD\RQ LV FRQYHQWLRQDOO\PDGH IURP FHOOXORVH REWDLQHG IURP FRWWRQ OLQWHUV RU
VRIWZRRGV7KHFHOOXORVH LVVHSDUDWHGSXULILHGVRDNHG LQVRGLXPK\GUR[LGHDQG WKHQ
GULHG 7KH REWDLQHG ILEHU LV PL[HG ZLWK FDUERQ GLVXOILGH DQG ILQDOO\ LW LV H[WUXGHG
WKURXJK D VSLQQHUHW WR SURGXFH YLVFRVH UD\RQ >@ 8QOLNH UD\RQ Q\ORQ 
&+12QLVDV\QWKHWLFILEHUZKLFKLVFRPPHUFLDOO\DYDLODEOH,QDGGLWLRQLWKDV
PDQ\DGYDQWDJHV VXFK DV KLJK VWUHQJWKEHFDXVHRI K\GURJHQERQGLQJ D KLJKPHOWLQJ
SRLQWDQGKLJKFU\VWDOOLQLW\&RPSDUHGWRRWKHUJUDGHVRIQ\ORQWKLVKLJKHUFU\VWDOOLQLW\
RIQ\ORQUHVXOWVLQKLJKHUVWLIIQHVVKLJKHUGHQVLW\KLJKHUWHQVLOHDQG\LHOGVWUHVVDV
ZHOODVKLJKHUFKHPLFDODQGDEUDVLRQUHVLVWDQFH>@7KHFKHPLFDOVWUXFWXUHVRIUD\RQ
DQGQ\ORQDUHVKRZQLQ)LJXUHDDQG)LJXUHEUHVSHFWLYHO\,QWHUPVRI
WKHFKHPLFDOVWUXFWXUHRIUD\RQDQGQ\ORQUD\RQFRQVLVWVRIDULQJEDVHGVWUXFWXUHZKLOH
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Q\ORQ FRQWDLQV D OLQHDU FKDLQ VWUXFWXUH &RQVLGHULQJ WKHVH IDFWRUV WKH V\QWKHVLV DQG
FKDUDFWHUL]DWLRQ RI &7FRDWHG Q\ORQ ILEHUV LPPRELOL]HG ZLWK .)H .)H&7Q\ORQ
ILEHUZKLFKKDVQRWEHHQSUHYLRXVO\UHSRUWHGLVRIFRQVLGHUDEOHLQWHUHVWDQGLVZRUWK
LQYHVWLJDWLQJ 7KHUHIRUH LQ WKLV ZRUN WKH SURGXFWLRQ RI .)H&7Q\ORQ ILEHUV ZDV
LQYHVWLJDWHGIRUXVHDVDQDGVRUEHQWIRU&VUHPRYDO,QDGGLWLRQLWVFKDUDFWHULVWLFVZHUH
FRPSDUHG ZLWK WKRVH RI &76FRDWHG UD\RQ ILEHUV LPPRELOL]HG ZLWK .)H
.)H&76UD\RQILEHU


)LJXUH&KHPLFDOVWUXFWXUHVRIDUD\RQDQGEQ\ORQ

([SHULPHQWDO
3.2.1 Materials 
1\ORQ (;75$91RZDVSXUFKDVHG IURP6DQ\R1\ORQ&R/WG
-DSDQ D&7 '$&  &76 )+ '$&   P3DāV DQG &76 )/
'$&P3DāVZHUHREWDLQHGIURP.R\R&KHPLFDO&R/WG-DSDQ6SXQ\DUQ
6 UD\RQ  \DUQ 6 UD\RQ  1-+% &2 JUDGH ZDV REWDLQHG IURP
2PLNHQVKL &R /WG -DSDQ 3% .)H>)H&1@ XVHG DV D VRXUFH RI .)H ZDV
REWDLQHGIURP+LWDFKL=RVHQ&RUSRUDWLRQ-DSDQ3RWDVVLXPSHULRGDWH.,2DQG&V
VWDQGDUGVROXWLRQZDVSXUFKDVHGIURP:DNR3XUH&KHPLFDO,QGXVWULHV/WG-DSDQ$OO
FKHPLFDOVZHUHGLUHFWO\XVHGZLWKRXWDQ\SXULILFDWLRQ

3.2.2 Preparation of woven KFe/CT/nylon and KFe/CTS/rayon fibers 
7RFUHDWHHIIHFWLYHUDGLRDFWLYH&VDGVRUEHQWVDQGLQYHVWLJDWHWKHDELOLW\WRVFDOH
XS WKH SURGXFWLRQ RI WKHVH DGVRUEHQWV LQ WKH IXWXUH WKH ILEHUV ZHUH LQWHUODFHG ZLWK
ZRYHQ ILEHUVXVLQJ WKUHH OLQHVRIEREELQV 6î IRU HLWKHU.)H&7Q\ORQRU
.)H&76UD\RQ ILEHUV 7KHVH ILEHUV ZHUH PDQXIDFWXUHG ZLWK DQ LQWHUODFHG PDFKLQH
.RNXEXQ/WG-DSDQ7KHLQWHUODFLQJFRQGLWLRQVZHUHVHWDFFRUGLQJWRWKRVHVHWLQD
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SUHYLRXV VWXG\ >@ DQ LQWHUODFLQJ VSHHG RI ± USP DQG D JHDU UDWLR RI WKH
GHOLYHU\VLGHWRWKHNQLWVLGHRI7KHILEHUSUHSDUDWLRQVFKHPHDQGWKHLQWHUODFLQJ
PDFKLQHDUHVKRZQLQ)LJXUHDQG)LJXUHUHVSHFWLYHO\


)LJXUH)LEHUSUHSDUDWLRQVFKHPH


)LJXUH7KHGHPRQVWUDWLRQRIKRZWRSURGXFHLQWHUODFHGILEHUXVLQJOLQHV
6î

7RSUHSDUHWKH.)H&7Q\ORQILEHUZY&7DQGZYQ\ORQZHUH
SUHSDUHGE\GLVVROYLQJ&7DQGQ\ORQ LQ VDWXUDWHG&D&Oā+20H2+7RSUHSDUH
VDWXUDWHG &D&Oā+20H2+ PO RI0H2+ DQG  J RI &D&Oā+2 SRZGHU
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ZHUH SODFHG LQ D WKUHHQHFNHG IODVN DQG VWLUUHG ZKLOH GLVWLOOLQJ DW & IRU  K
6XEVHTXHQWO\WKHVROXWLRQZDVFRROHGWRURRPWHPSHUDWXUHWRSUHFLSLWDWHH[FHVV&D&O
1H[W VXFWLRQ ILOWUDWLRQ ZDV SHUIRUPHG %DVHG RQ WKHVH VWHSV VDWXUDWHG
&D&Oā+20H2+ZDVREWDLQHG7KH&7DQGQ\ORQVROXWLRQVZHUHWKHQPL[HGDWD
UDWLR RI  WR REWDLQ D  &7± Q\ORQ  VROXWLRQ 7KH ZRYHQ Q\ORQ ILEHU 
6î ZDV WKHQ VRDNHG LQ WKH SUHSDUHG VROXWLRQ DQG FDOFLXP ZDV UHPRYHG E\
LPPHUVLQJ WKH ILEHU LQ  1D2+ LQ 0H2+ 7KHQ WKH ILEHU ZDV LPPHUVHG LQ 
+&O0H2+ IRU  PLQ 7KH &7FRDWHG Q\ORQ ILEHU ZDV EUXVKHG GULHG  J GULHG
&7FRDWHG Q\ORQ ILEHU ZDV WKHQ LPPHUVHG LQ D .)H VROXWLRQ  P/  P0 DQG
VWLUUHG DW & IRU  K 7KH ILEHU ZDV ZDVKHG ZLWK ZDWHU DQG GULHG WR REWDLQ WKH
.)H&7Q\ORQILEHU
7KH.)H&76UD\RQ ILEHUZDV SUHSDUHG DFFRUGLQJ WR WKH SUHYLRXV UHSRUW >@
WKH UD\RQ ILEHU JZDV VRDNHG LQD.,2 VROXWLRQ PJP/DW& IRUK7KH
ILEHUZDVZDVKHGZLWKZDWHUDQGVRDNHGLQD&76VROXWLRQ>ZY@DW&IRUK
7KHUD\RQILEHUZDVLPPRELOL]HGZLWK.)HE\VRDNLQJLWLQD.)HVROXWLRQP/
P0 DW & IRU  K 7KH .)H&76UD\RQ ILEHU ZDV WKHQ LQWHUODFHG WR REWDLQ
6î.)H&76UD\RQILEHUV$QH[FHVV.)HFRQFHQWUDWLRQZDVXVHGLQ WKLVZRUN
IRU ERWK W\SHV RI ILEHUV $IWHU VRDNLQJ LQ .)H VROXWLRQ WKH .)H&7Q\ORQ ILEHU RU
.)H&76UD\RQ ILEHUZDV WKHQ UHPRYHG DQG WKH DPRXQW RI.)H LPPRELOL]HG RQ WKH
ILEHUV ZDV FDOFXODWHG E\ PHDVXULQJ WKH UHPDLQLQJ .)H FRQFHQWUDWLRQ LQ WKH VRDNLQJ
VROXWLRQDJDLQVWDFDOLEUDWLRQFXUYHYLD89YLVVSHFWURVFRS\+LWDFKL8-DSDQ
7KHDEVRUEDQFHZDVPHDVXUHGDWDZDYHOHQJWKRIQP

3.2.3 Characterization of the KFe/CT/nylon and KFe/CTS/rayon fibers 
7KH SUHVHQFH RI .)H RQ WKH VXUIDFH RI ERWK WKH .)H&7Q\ORQ DQG
.)H&76UD\RQ ILEHUV ZDV FRQILUPHG XVLQJ ;UD\ SKRWRHOHFWURQ VSHFWURVFRS\ ;36
6KLPD]X(6&$ -DSDQZLWKPRQRFKURPDWLF$O.Į UDGLDWLRQ  H9 DQG D
QRQPRQRFKURPDWHG 0J .Į ;UD\ VRXUFH  H9 ;UD\ 'LIIUDFWLRQ ;5'
5$3,',,5LJDNX&RUSRUDWLRQ-DSDQZDVFDUULHGRXWZLWKD&XFRXQWHUFDWKRGH
cDQJOHȦ ĭ [ PHDVXULQJWLPHRIVDQGPHDVXUHPHQWUDQJH±
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)RXULHUWUDQVIRUPLQIUDUHG)7,5VSHFWURVFRS\,5-$6&2&RUSRUDWLRQ-DSDQ
ZDVFDUULHGRXWZLWK.%USHOOHWVDWႏDQGDVFDQQLQJIUHTXHQF\RI±FPí
3.2.4 Cs+ adsorption capacity of the KFe/CT/nylon and KFe/CTS/rayon 
fibers 
)RUWKH&VDGVRUSWLRQWHVWJRIHDFKILEHUZDVLPPHUVHGLQD&VVROXWLRQ
P/PJ/DQGVKDNHQDW&DQG USPIRUK7KH&VFRQFHQWUDWLRQ
ZDV PHDVXUHG XVLQJ LQGXFWLYHO\ FRXSOHG SODVPD PDVV VSHFWURPHWU\ ,&306 DW D
ZDYHOHQJWKRIQP7KH&VDGVRUSWLRQSHUFHQWDJHDQGFDSDFLW\ZHUHREWDLQHGXVLQJ
DFDOLEUDWLRQFXUYHDQGFDOFXODWHGXVLQJ(TXDWLRQVDQG

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 i f
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ZKHUHCiDQGCfDUHWKHLQLWLDODQGILQDO&VFRQFHQWUDWLRQVPJ/UHVSHFWLYHO\DQGV
DQGW DUH WKH YROXPH RI WKH &V VROXWLRQ / DQG WKH DPRXQW RI ILEHU XVHG LQ WKH
DGVRUSWLRQSURFHVVJUHVSHFWLYHO\

5HVXOWVDQG'LVFXVVLRQ
3.3.1 Characterization of the KFe/CT/nylon and KFe/CTS/rayon fibers 
7KH SUHVHQFH RI .)H RQ WKH VXUIDFHV RI ERWK WKH .)H&7Q\ORQ DQG
.)H&76UD\RQ ILEHUVZDV FRQILUPHG YLD;36 )LJXUH $ VLJQLILFDQW SHDNZDV
REVHUYHG DW D ELQGLQJ HQHUJ\ %( RI a H9 ZKLFK FRUUHVSRQGHG WR WKH )H S
UHJLRQ ± H9 > @ ,Q DGGLWLRQ D VSHFLILF %( SHDN REVHUYHG DW  H9
FRUUHVSRQGHGWR)HSZKLFKLVLQGLFDWLYHRIWKH)H,,,R[LGDWLRQVWDWH>@,QERWK
WKH.)H&7Q\ORQDQG.)H&76UD\RQILEHUV%(SHDNDWaH9ZDVREVHUYHG7KH
%(SHDNRI WKH.)H&7Q\ORQ ILEHUVKLIWHG IURP WRH9ZKLOH WKDWRI WKH
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.)H&76UD\RQILEHUVKLIWHGIURPWRH9%DVHGRQWKHFRPSDULVRQRI WKH
%(LQWHQVLWLHVRIWKH.)H&7Q\ORQDQG.)H&76UD\RQILEHUVWKH%(LQWHQVLWLHVRIWKH
.)H&76UD\RQ ILEHU DW a H9 ZHUH IRXQG WR EH KLJKHU WKDQ WKRVH RI WKH
.)H&7Q\ORQ ILEHU 7KH ODUJHU VKLIW DQG KLJKHU LQWHQVLW\ RI WKH %( SHDN RI WKH
.)H&76UD\RQILEHUFRPSDUHGZLWKWKRVHRIWKH.)H&7Q\ORQILEHULQGLFDWHVDKLJKHU
.)HLPPRELOL]DWLRQRI&76UD\RQILEHUFRPSDUHGZLWK&7Q\ORQILEHU

)LJXUH;36)HSVSHFWUDRI.)H&7Q\ORQILEHUDQG.)H&76UD\RQILEHU

7KH)7,5VSHFWUDRIWKH.)H&7Q\ORQDQG.)H&76UD\RQILEHUVDUHVKRZQLQ
)LJXUHV%DVHGRQWKHDEVRUSWLRQEDQGDWFPíFRPPRQ.)HFKDUDFWHULVWLFV
ZHUH REVHUYHG GXH WR WKH VWUHWFKLQJ YLEUDWLRQ RI WKH &Ł1 JURXS >@ ,Q WKH )7,5
VSHFWUXP RI .)HLPPRELOL]HG &7Q\ORQ D SHDN DW  FPí ZDV REVHUYHG ,Q WKH
)7,5VSHFWUXPRI.)H&76UD\RQILEHUWKHSHDNVDWDQGFPDUHDWWULEXWHG
WRWKHGHJHQHUDWLYHGHIRUPDWLRQDQGWRUVLRQDOYLEUDWLRQRI1+>@DQGWKHVWUHWFKLQJ
YLEUDWLRQRI WKH&Ł1JURXS>@UHVSHFWLYHO\7KHVHSHDNVDURXQGFPFRQILUP
WKDW WKHUH DUH LQWHUDFWLRQV EHWZHHQ .)H DQG WKH &7Q\ORQ ILEHU RU &76UD\RQ ILEHU
%DVHGRQ WKH WUDQVPLWWDQFHRI WKH.)HSHDN WKH WUDQVPLWWDQFHRI WKH.)H&76UD\RQ
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
ILEHU ZDV IRXQG WR EH KLJKHU WKDQ WKDW RI WKH .)H&7Q\ORQ ILEHU 7KHVH UHVXOWV
FRQILUPHGWKDW.)HUHDFWVZLWKWKH&76UD\RQILEHUEHWWHUWKDQZLWKWKH&7Q\ORQILEHU
)LJXUH)7,5VSHFWUDRI.)H&7Q\ORQILEHUDQG.)H&76UD\RQILEHU

7KH ;5' SDWWHUQV H[KLELW VKDUS .)H&7Q\ORQ ILEHU SHDNV DQG EURDG
.)H&76UD\RQ ILEHU SHDNV )LJXUH  ,Q DGGLWLRQ WKH ;5' SDWWHUQ RI
.)H&7Q\ORQILEHUZDVUDWKHUVLPLODUWRWKDWRI&7Q\ORQILEHU7KHSHDNLQWHQVLWLHVRI
DOO SHDNV RI WKH .)H&7Q\ORQ ILEHU ZHUH VPDOOHU WKDQ WKRVH RI WKH &7Q\ORQ ILEHU
FRQILUPLQJWKDW WKHGHJUHHRIFU\VWDOOLQLW\ZDV ORZHUHG0RUHRYHUDFRPSDULVRQZLWK
WKH.)HSRZGHU SDWWHUQ LQGLFDWHG WKDW WKH LQWHQVLWLHV RI WKH.)H&7Q\ORQ ILEHUZHUH
DOVRVPDOOHU WKDQWKRVHRI.)HSRZGHU7KHVHUHVXOWV LQGLFDWHWKDW WKHDPRXQWRI.)H
LPPRELOL]HGRQWKH&7Q\ORQILEHULVTXLWHVPDOO&RQVLGHULQJWKH;5'SDWWHUQRIWKH
.)H&76UD\RQILEHU WKHSHDNVFRUUHVSRQGLQJ WRT DQG
DUHVLPLODUWRSHDNVIRXQGLQWKH.)HSRZGHUSDWWHUQDQGWKH;5'SDWWHUQRIWKH
,72HOHFWURGHPRGLILHGZLWK&76QDQRILEHU.)HQDQRSDUWLFOHV>@,QFRQFOXVLRQWKH
IDFW WKDW DOOSHDNVDUH VLPLODU IRU WKH.)H&76UD\RQ ILEHU DQG.)HSRZGHUFRQILUPV
WKDWWKHFU\VWDOOLQLWLHVRIWKH.)H&76UD\RQILEHUDQG.)HDUHVLPLODU

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
)LJXUH;5'SDWWHUQVRI.)H&7Q\ORQILEHUDQG.)H&76UD\RQILEHU

7KHFKHPLFDO UHDFWLRQVRI WKH.)H&76UD\RQILEHUDUHVKRZQ LQRXUSUHYLRXV
ZRUN>@7KHUD\RQILEHUVZHUHILUVWR[LGL]HGXVLQJ.,2WRFOHDYHWKH&±&ERQGRI
WKH JOXFRVH UHVLGXHV DIIRUGLQJ DOGHK\GHV DW WKH & DQG & SRVLWLRQV 7KH UHVXOWLQJ
DOGHK\GHVIRUPHGDQDPLGROLQNDJHZLWKWKHDPLQRJURXSRI&76XSRQWUHDWPHQWZLWK
WKH&76VROXWLRQ)LQDOO\ WKH.)H&76UD\RQILEHUZDVREWDLQHGDIWHU WUHDWPHQWZLWK
WKH.)H VROXWLRQZKHUH.)HZDV LPPRELOL]HG E\ FDWLRQ H[FKDQJH IURP. WR1+
>@,QFRQWUDVWWRWKH.)H&76UD\RQILEHUWKHFKHPLFDOLQWHUDFWLRQRI.)HDQG&7LQ
WKH.)H&7Q\ORQILEHUFRXOGQRWEHLGHQWLILHG7RWKHEHVWRIRXUNQRZOHGJHWRGDWH
WKHUHLVRQO\RQHVWXG\RQ.)H&7VSRQJHVIRU&VUHFRYHU\>@$VDOUHDG\PHQWLRQHG
LQ WKH ,QWURGXFWLRQ VHFWLRQ WKH .)H&76 FRPSRVLWH ZDV V\QWKHVL]HG ILUVW DQG WKHQ
UHDFHW\ODWHGWRREWDLQ.)H&7VSRQJHV7KHUHIRUH WKHUHDFWLRQEHWZHHQ&7DQG.)H
ZDVQRWVWXGLHGLQDSUHYLRXVVWXG\>@

3.3.2 Cs+ adsorption results obtained using the KFe/CT/nylon and 
KFe/CTS/rayon fibers 
$V SUHYLRXVO\ PHQWLRQHG DIWHU V\QWKHVLV WKH DPRXQW RI H[FHVV .)H ZDV
PHDVXUHGXVLQJ899LV VSHFWURSKRWRPHWU\ WKXV WKHDPRXQWRI WKH.)HRQ&7Q\ORQ
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ILEHUDQG&76UD\RQILEHUFDQEHFDOFXODWHG,WZDVIRXQGWKDWWKHDPRXQWVRI.)HRQ
WKH&7Q\ORQILEHUDQG&76UD\RQILEHUVZHUHDQGPPROJUHVSHFWLYHO\7KH
&V DGVRUSWLRQSHUFHQWDJH DQG FDSDFLW\ZKHQJRI HDFK ILEHUZDVXVHG LQ D&V
VROXWLRQP/ZLWKDQLQLWLDO&VFRQFHQWUDWLRQRIPJ/DWUSPIRUKDUH
VKRZQ LQ)LJXUHV  7KH &V DGVRUSWLRQ SHUFHQWDJH FDSDFLW\ PJJ DQG FDSDFLW\
PPROJRI WKH.)H&76UD\RQILEHU 6îZHUHPJJDQG
PPROJUHVSHFWLYHO\DSSUR[LPDWHO\ILYHWLPHVKLJKHUWKDQWKH&VDGVRUSWLRQFDSDFLW\
RIWKH.)H&7Q\ORQILEHUZKLFKZDVPJJPPROJ7KLVZDVEHFDXVHWKH
.)HDPRXQWRIWKH&76UD\RQILEHUZDVKLJKHUWKDQWKDWRIWKH&7Q\ORQILEHU
&RQVLGHULQJ WKH UHVXOWV IURP WKH ;36 VSHFWUD )LJXUH  DQG )7,5 VSHFWUD
)LJXUHDVPDOOFKDQJHLQWKHELQGLQJHQHUJ\HQYLURQPHQWFRPSOH[DWLRQFKHPLFDO
ERQGLQJ RI .)H LV REVHUYHG ZKHQ LPPRELOL]HG RQ WKH &7Q\ORQ ILEHU ZKHUHDV
VLJQLILFDQWFKDQJHVDUHIRXQGZKHQLPPRELOL]HGRQWKH&76UD\RQILEHU7KHVHUHVXOWV
LPSO\ WKDW WKHUHDUHHLWKHUGLIIHULQJFKHPLFDO LQWHUDFWLRQVGLIIHULQJFRPSOH[DWLRQVRU
PRGLILFDWLRQVRI WKH.)HVWUXFWXUHFRPSRVLWLRQZKLFKPD\EH UHODWHG WR WKHGLIIHUHQW
VWUXFWXUHVRIHLWKHU&7&76RUQ\ORQUD\RQ7KHREVHUYDWLRQVKHUHLQSDUWO\H[SODLQWKH
GLIIHUHQFH LQ DGVRUSWLRQ FDSDFLW\ EHWZHHQ WKH &76UD\RQ ILEHU DQG .)H&76UD\RQ
ILEHU6î)LJXUH
,Q WKLV ZRUN WKH SUHSDUDWLRQ PHWKRG IRU .)H&76UD\RQ ILEHU ZDV WKH VDPH DV
SUHYLRXVO\ UHSRUWHG >@ EXW WKH LQWHUODFLQJ RI WKH ILEHU ZDV GLIIHUHQW +HUH WKH
.)H&76UD\RQILEHU 6îZDVREWDLQHGE\XVLQJ WKUHH OLQHVRI ILEHUZKLOH LQ
RXUSUHYLRXVZRUNHLWKHUWZRRUIRXUOLQHVZHUHXVHGWRREWDLQWKHZRYHQILEHUVZKLFK
ZHUH .)H&76UD\RQ ILEHUV 6î DQG .)H&76UD\RQ ILEHUV 6î
UHVSHFWLYHO\,QDGGLWLRQWKRVHZRYHQILEHUVZHUHXVHGWRDGVRUEUDGLRDFWLYH&V%TJ
ZKHUHDVKHUH WKH.)H&76UD\RQILEHU6îZDVXVHGDVDQDGVRUEHQWIRU&V
IURP D&V&O VROXWLRQ7KHUHIRUH WKH DGVRUSWLRQ FDSDFLW\ RI WKH.)H&76UD\RQ ILEHU
6îFDQQRWEHFRPSDUHGWR WKDWRIZRYHQ6îDQG6î ILEHUV
>@+RZHYHU ZKHQ FRPSDULQJ WKH DGVRUSWLRQ FDSDFLW\ RI WKH.)H&76UD\RQ ILEHU
6îWRWKDWREWDLQHGLQRWKHUVWXGLHVLWZDVIRXQGWKDWZKHQXVLQJDQPJ
VSRQJH WR DGVRUE&V P/ZLWK DQ LQLWLDO &V FRQFHQWUDWLRQ DERXW PJ/ WKH
FRQFHQWUDWLRQ UHPDLQLQJ DIWHU  K ZDV  PJ/ %DVHG RQ (T  WKH DGVRUSWLRQ
Chapter 3. Characterization of Prussian blue-immobilized chitin-coated nylon fibers as adsorbent 
for cesium ions 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB





FDSDFLW\ZDVFDOFXODWHGWREHPJJPPROJGU\VSRQJHZKLFKZDVKLJKHU
WKDQWKRVHRI.)H&7Q\ORQILEHUDQG.)H&76UD\RQILEHU6î,QWKHLUVWXG\
P/RI&VVROXWLRQZDVGLUHFWO\GURSSHGRQWRDPJVSRQJHZKLFKHQDEOHG&V
WRFRPHLQFRQWDFWZLWK.)HUHVXOWLQJLQDKLJKHUDGVRUSWLRQFDSDFLW\FRPSDUHGWRRXU
ILEHU>@+RZHYHUZKHQJRIWKH.)H&76UD\RQILEHUZDVXVHGZLWKRXWLQWHUODFLQJ
LQ&VUHPRYDOSURFHVVZLWKDQLQLWLDOFRQFHQWUDWLRQRISSPP/IRUKWKH
DGVRUSWLRQFDSDFLW\RI WKH.)H&76UD\RQILEHUZDVLQFUHDVHGWREHPJJ
PPROJ ZKLFK ZDV VLJQLILFDQWO\ KLJKHU WKDQ WKRVH RI LQWHUODFHG ILEHUV 7KLV ZDV
EHFDXVH WKH LQWHUODFHG ILEHU KDG D UHODWLYHO\ KLJK GHQVLW\ ZKLFK DOORZHG &V WR
SHQHWUDWHLQWRWKHILEHUVWUXFWXUH

 
)LJXUH&VDGVRUSWLRQRIILEHUVDSHUFHQWDJHDQGEFDSDFLW\PJJ

&RQFOXVLRQ
,QWKLVZRUNZRYHQ.)H&7Q\ORQILEHUVZHUHVXFFHVVIXOO\SUHSDUHGDQGLWV&V
DGVRUSWLRQ FDSDFLW\ ZDV WHVWHG WR VWXG\ WKH IHDVLELOLW\ RI XVLQJ WKHP LQVWHDG RI
.)H&76UD\RQ ILEHUV +HUHLQ WKHLU FKDUDFWHULVWLFV ZHUH FRPSDUHG WR WKRVH RI
.)H&76UD\RQ ILEHUV 6î 7KH &V DGVRUSWLRQ SHUFHQWDJH RI WKH LQWHUODFHG
.)H&76UD\RQ ILEHU  ZDV VLJQLILFDQWO\ KLJKHU WKDQ WKDW RI WKH LQWHUODFHG
.)H&7Q\ORQ ILEHU  DW DQ LQLWLDO&V FRQFHQWUDWLRQ RI PJ/ DQG WKLV LV
RZLQJWRDKLJKHUDPRXQWRI.)HRQWKH&76UD\RQILEHU7KHLQWHUDFWLRQVEHWZHHQ.)H
DQG&7LQWKHQ\ORQILEHURU.)HDQG&76LQWKHUD\RQILEHUZHUHFRQILUPHGYLD;36
Chapter 3. Characterization of Prussian blue-immobilized chitin-coated nylon fibers as adsorbent 
for cesium ions 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB





;5' DQG )7,5 VSHFWURVFRS\'LIIHULQJ FKHPLFDO LQWHUDFWLRQV RU FRPSOH[DWLRQV RU D
PRGLILFDWLRQ RI WKH .)H VWUXFWXUHFRPSRVLWLRQ LQYROYLQJ WKH GLIIHUHQW VWUXFWXUHV RI
HLWKHU&7&76RUQ\ORQUD\RQPD\EHWKHPDLQUHDVRQZK\GLIIHUHQW.)HDPRXQWVDUH
LPPRELOL]HG RQ WKH GLIIHUHQW VXSSRUWV 7KHVH UHVXOWV UHYHDO WKDW WKH .)H&76UD\RQ
ILEHULVPRUHVXLWDEOHWKDQWKH.)H&7Q\ORQILEHUDVDQDEVRUEHQWIRU&VUHPRYDOIURP
FRQWDPLQDWHGZDWHU+RZHYHU WKLV GRHVQRW FRQVLGHU DQ\ HFRQRPLFRU HQYLURQPHQWDO
IDFWRUV

5HIHUHQFHV
>@.DZDPXUD)0RWRMLPD.8VLQJFRSSHUKH[DF\DQRIHUUDWH,,LPSUHJQDWHG]HROLWH
IRUFHVLXPUHPRYDOIURPUDGLRDFWLYHOLTXLGZDVWH-1XFO7HFK
>@ -DUDL 0 'HQJ < 0DUNXV ) +DUVK -% &HVLXP LQFRUSRUDWLRQ DQG GLIIXVLRQ LQ
FDQFULQLWH VRGDOLWH ]HROLWH DQG DOORSKDQH 0LFURSRU 0HVRSRU 0DW

>@(O1DJJDU05(O.DPDVK$0(O'HVVRXN\0,*KRQDLP$.7ZRVWHSPHWKRG
IRUSUHSDUDWLRQRI1D$;]HROLWHEOHQGIURPIO\DVKIRUUHPRYDORIFHVLXPLRQV-
+D]DUG0DWHU
>@0XQWKDOL0:-RKDQ($RQR+0DWVXH1&VDQG6UDGVRUSWLRQVHOHFWLYLW\RI
]HROLWHV LQ UHODWLRQ WR UDGLRDFWLYH GHFRQWDPLQDWLRQ - $VLDQ &HUDP 6RF

>@ 0LPXUD + <RNRWD . $NLED . 2QRGHUD < $ONDOL K\GURWKHUPDO V\QWKHVLV RI
]HROLWHV IURP FRDO IO\ DVK DQG WKHLU XSWDNH SURSHUWLHV RI FHVLXP LRQ - 1XFO 6FL
7HFKQRO
>@ &RUWpV0DUWtQH] 5 2OJXtQ 07 6RODFKH5tRV 0 &HVLXP VRUSWLRQ E\
FOLQRSWLOROLWHULFK WXIIV LQ EDWFK DQG IL[HGEHG V\VWHPV 'HVDOLQDWLRQ

>@ =KDQJ$/L<'DL<;X/'HYHORSPHQW RI D QHZ VLPXOWDQHRXV VHSDUDWLRQ RI
FHVLXP DQG VWURQWLXP E\ H[WUDFWLRQ FKURPDWRJUDSK XWLOL]DWLRQ RI D K\EULGL]HG
PDFURSRURXVVLOLFDEDVHGIXQFWLRQDOPDWHULDO6HS3XULI7HFKQRO
Chapter 3. Characterization of Prussian blue-immobilized chitin-coated nylon fibers as adsorbent 
for cesium ions 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB





>@:DWDUL.,PDL.2KPRPR<0XUDPDWVX<1LVKLPXUD<,]DZD0%DFLOHV/5
6LPXOWDQHRXV $GVRUSWLRQ RI &V DQG , IURP ZDWHU DQG PLON RQ ³PHWDO
IHUURF\DQLGHDQLRQH[FKDQJHUHVLQ-1XFO6FL7HFKQRO
>@ 9DOVDOD 73 5R\ 6& 6KDK -* *DEULHO - 5DM . 9HQXJRSDO 9 5HPRYDO RI
UDGLRDFWLYHFDHVLXPIURP ORZ OHYHO UDGLRDFWLYHZDVWH //:VWUHDPVXVLQJFREDOW
IHUURF\DQLGH LPSUHJQDWHG RUJDQLF DQLRQ H[FKDQJHU - +D]DUG 0DWHU

>@ ,VKLKDUD 5 )XMLZDUD . +DUD\DPD 7 2NDPXUD < 8FKL\DPD 6 6XJL\DPD 0
6RPH\D7$PDNDL:8PLQR62QR71LGH$+LUD\DPD<%DED7.RMLPD7
8PHQR ' 6DLWR . $VDL . DQG 6XJR 7 5HPRYDO RI FHVLXP XVLQJ
FREDOWIHUURF\DQLGHLPSUHJQDWHGSRO\PHUFKDLQJUDIWHGILEHUV-1XFO6FL7HFKQRO

>@.DZDWDNH.6KLJHPRWR13UHSDUDWLRQRISRWDVVLXPLURQ,,,KH[DF\DQRIHUUDWH,,
VXSSRUWHGRQDFWLYDWHGFDUERQDQG&VXSWDNHSHUIRUPDQFHRIWKHDGVRUEHQW-1XFO
6FL7HFKQRO
>@7DNDKDVKL$.LWDMLPD$3DUDMXOL'+DNXWD<7DQDND+2KNRVKL6.DZDPRWR
7 UDGLRDFWLYH FHVLXP UHPRYDO IURPDVKZDVKLQJ VROXWLRQZLWKKLJKS+DQGKLJK
.FRQFHQWUDWLRQ XVLQJ SRWDVVLXP ]LQF KH[DF\DQRIHUUDWH &KHP (QJ 5HV 'HV

>@+X% )XJHWVX%<X+$EH< 3UXVVLDQ EOXH FDJHG LQ VSRQJLIRUP DGVRUEHQWV
XVLQJGLDWRPLWHDQGFDUERQQDQRWXEHV IRUHOLPLQDWLRQRIFHVLXP -+D]DUG0DWHU

>@<DQJ+/L+ =KDL - 6XQ/ =KDR<<X+0DJQHWLF 3UXVVLDQ EOXHJUDSKHQH
R[LGH QDQRFRPSRVLWHV FDJHG LQ FDOFLXP DOJLQDWH PLFUREHDGV IRU HOLPLQDWLRQ RI
FHVLXPLRQVIURPZDWHUDQGVRLO&KHP(QJ-
>@ <DQJ + -DQJ 6 +RQJ 6% /HH . 5RK & +XK <6 6HR % 3UXVVLDQ
EOXHIXQFWLRQDOL]HG PDJQHWLF QDQRFOXVWHUV IRU WKH UHPRYDO RI UDGLRDFWLYH FHVLXP
IURPZDWHU-$OOR\&RPSG
>@ 9LQFHQW & %DUUp < 9LQFHQW 7 7DXOHPHVVH - 5RELW]HU 0 *XLEDO (
&KLWLQ3UXVVLDQEOXHVSRQJHV IRU&V, UHFRYHU\ IURPV\QWKHVLV WRDSSOLFDWLRQ LQ
WKH WUHDWPHQWRIDFFLGHQWDOGXPSLQJRIPHWDOEHDULQJVROXWLRQV -+D]DUG0DWHU

Chapter 3. Characterization of Prussian blue-immobilized chitin-coated nylon fibers as adsorbent 
for cesium ions 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB





>@'HFKRMDUDVVUL'$VDLQD62PRWH61LVKLGD.)XUXLNH77DPXUD+$GVRUSWLRQ
DQG GHVRUSWLRQ EHKDYLRUV RI FHVLXP RQ UD\RQ ILEHUV FRDWHG ZLWK FKLWRVDQ
LPPRELOL]HGZLWK3UXVVLDQEOXH,QW-%LRO0DFURPRO
>@ &KHQ * &KDQJ < /LX ; .DZDPRWR 7 7DQDND + .LWDMLPD $ 3DUDMXOL '
7DNDVDNL0<RVKLQR.&KHQ0/R</HL=/HH'3UXVVLDQEOXH3%JUDQXOHV
IRU FHVLXP &V UHPRYDO IURP GULQNLQJ ZDWHU 6HS 3XULI 7HFKQRO

>@.QRUU'8VHRIFKLWLQRXVSRO\PHUV LQ IRRG²$FKDOOHQJHIRUJRRGUHVHDUFKDQG
GHYHORSPHQW)RRG7HFKQRO&KLFDJR
>@ <DQJ 5 6X < $XEUHFKW .%:DQJ ;0D + *UXEEV 5% +VLDR %6 &KX %
7KLROIXQFWLRQDOL]HG FKLWLQ QDQRILEHUV IRU $V ,,, DGVRUSWLRQ 3RO\PHU

>@/DELGL$6DODEHUULD$0)HUQDQGHV6&0/DELGL-$EGHUUDEEDD0$GVRUSWLRQRI
FRSSHURQFKLWLQEDVHGPDWHULDOVNLQHWLFDQGWKHUPRG\QDPLFVWXGLHV-7DLZDQ,QVW
&KHP(
>@:DZU]NLHZLF]0%DUWF]DN3-HVLRQRZVNL7(QKDQFHGUHPRYDORIKD]DUGRXVG\H
IRUPDTXHRXVVROXWLRQVDQGUHDOWH[WLOHZDVWHZDWHUXVLQJELIXQFWLRQDOFKLWLQOLJQLQ
ELRVRUEHQW,QW-%LRO0DFURPRO
>@ .DXIIPDQ *% 5D\RQ 7KH ILUVW VHPLV\QWKHWLF ILEHU SURGXFW - &KHP (GXF

>@%ULQVNR.06SDUHQJD6.LQJ07KHHIIHFWVRIHQYLURQPHQWDOH[SRVXUHRQWKH
RSWLFDOSK\VLFDODQGFKHPLFDOSURSHUWLHVRIPDQXIDFWXUHGILEHUVRIQDWXUDORULJLQ-
)RUHVW(FRQ
>@ 9DJKRONDU 3. 1\ORQ &KHPLVWU\ 3URSHUWLHV DQG 8VHV ,QW - 5HFHQW 6FL 5HV

>@*XLYDU-$56DQFKHV($%UXQV)6DGUROODKL(0RUDOHV0$/ySH](2/LWWHUVW
)- 9DFDQF\ RUGHUHG gamma-)H2 QDQRSDUWLFOHV IXQFWLRQDOL]HG ZLWK
QDQRK\GUR[\DSDWLWH ;5' )7,5 7(0 ;36 DQG0|VVEDXHU VWXGLHV $SSO 6XUI
6FL
>@ /LX + :HL * ;X = /LX 3 /L < 4XDQWLWDWLYH DQDO\VLV RI )H DQG &R LQ
FRVXEVWLWXWHG PDJQHWLWH XVLQJ ;36 7KH DSSOLFDWLRQ RI QRQOLQHDU OHDVW VTXDUHV
ILWWLQJ1//6)$SSO6XUI6FL
Chapter 3. Characterization of Prussian blue-immobilized chitin-coated nylon fibers as adsorbent 
for cesium ions 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB





>@ $UXQ 7 3UDNDVK. .XSSXVDP\ 5 -XVWLQ -RVH\SKXV 50DJQHWLF SURSHUWLHV RI
3UXVVLDQEOXHPRGLILHG)H2QDQRFXEHV-3K\V&KHP6ROLGV
>@ $NKWDU ) 3RGGHU - $ VWXG\ RQ JURZWK VWUXFWXUDO RSWLFDO DQG HOHFWULFDO
FKDUDFWHUL]DWLRQRI/DODQLQHVLQJOHFU\VWDOIRURSWRHOHFWURQLFGHYLFHV5HV-3K\V

>@ 6KDQ < <DQJ * *RQJ - =KDQJ ; =KX / 4X / 3UXVVLDQ EOXH QDQRSDUWLFOHV
SRWHQWLRVWDWLFDOO\ HOHFWURGHSRVLWHG RQ LQGLXP WLQ R[LGHFKLWRVDQ QDQRILEHUV
HOHFWURGHDQG WKHLUHOHFWURFDWDO\VLV WRZDUGVK\GURJHQSHUR[LGH(OHFWURFKLP$FWD

Chapter 4. Preparation of Alginate Fibers Coagulated by Calcium Chloride or Sulfuric Acid: 
Application to the Adsorption of Sr2+ 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
















&KDSWHU


3UHSDUDWLRQRI$OJLQDWH)LEHUV&RDJXODWHGE\&DOFLXP
&KORULGHRU6XOIXULF$FLG$SSOLFDWLRQWRWKH
$GVRUSWLRQRI6U

















Chapter 4. Preparation of Alginate Fibers Coagulated by Calcium Chloride or Sulfuric Acid: 
Application to the Adsorption of Sr2+ 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB





,QWURGXFWLRQ
$OWKRXJK QXFOHDU ILVVLRQ UHSUHVHQWV DQ DOWHUQDWLYH HQHUJ\ VRXUFH UDGLRDFWLYH
ZDVWHSURGXFWLRQRIVSHQWQXFOHDU IXHOV VXFKDVFHVLXP&V &VDQGVWURQWLXP
6U6ULVSUREOHPDWLF7KHVHVSHQWIXHOVUHSUHVHQWRIWKHWRWDOFDORULILFYDOXH
RI WKH KLJKOHYHO OLTXLG ZDVWH +//: 6U FDQ UHSODFH FDOFLXP LQ KXPDQ WHHWK RU
ERQHV VLQFH WKH\ KDYH VLPLODU SK\VLFDO DQG FKHPLFDO SURSHUWLHV >@ 8QIRUWXQDWHO\
DIWHUWKHDFFLGHQWDWWKH)XNXVKLPD'DLLFKL1XFOHDU3RZHU3ODQWWKHFRQWDPLQDWLRQRI
VHDZDWHU ZLWK UDGLRDFWLYH PHWDOV LQFOXGLQJ &V DQG 6U KDV EHFRPH D YHU\ VHULRXV
SUREOHPLQ-DSDQ
6HYHUDOPDWHULDOVFDQEHXVHGWRUHPRYH6UIURPDTXHRXVVROXWLRQVLQFOXGLQJ
]HROLWHV >@ FOLQRSWLOROLWH DQG FOLQRSWLOROLWH FRPSRVLWHV > @ JUDSKHQH R[LGH DQG
JUDSKHQH R[LGH FRPSRVLWHV >@ JHOV EDVHG RQ SRO\VDFFKDULGH GHULYDWLYHV HJ
FKLWRVDQ >@ DQG PRGLILHGPRQWPRULOORQLWHV >@ $OVR $OJLQDWH $OJ D
QDWXUDOO\RFFXUULQJSRO\VDFFKDULGHLVDQHIIHFWLYHDEVRUEHQWRI6U$OJEHORQJVWRWKH
IDPLO\RI OLQHDUXQEUDQFKHGSRO\VDFFKDULGHVFRPSULVLQJ±OLQNHGȕ'PDQQXURQLF
DFLG 0 DQG LWV HSLPHU Į'JXOXURQLF DFLG * $OJ IRUPV D JHO LQ WKH SUHVHQFH RI
GLYDOHQWFDWLRQVVXFKDV&D6UDQG%DDVFURVVOLQNLQJLRQV7KHJHODWLRQRI$OJLV
FDXVHG E\ D FRRSHUDWLYH ELQGLQJ RI GLYDOHQW FDWLRQV DQG WKH *EORFN UHJLRQV RI WKH
SRO\VDFFKDULGH >@7KLV WLJKW LRQLF ELQGLQJ UHVXOWV LQ WKH IRUPDWLRQRI D VSHFLILF
VWUXFWXUH FDOOHG DQ ͆HJJER[ G VWUXFWXUH 7KXV WKH 0* UDWLR ZKLFK PHDQV WKH
SURSRUWLRQRI0DQG*FRPSRQHQWVLQ$OJLVDQLPSRUWDQWIDFWRUIRUJHOIRUPDWLRQYLD
WKH DGGLWLRQ RI GLYDOHQW FDWLRQV $OJ EHDGV SUHSDUHG XVLQJ WKLV EHKDYLRU KDYH EHHQ
HPSOR\HG WR UHPRYH UDGLRDFWLYH PHWDOV IURP FRQWDPLQDWHG VHDZDWHUV >@ $OJ
EHDGVFDQEHXVHGDVDGVRUEHQWVIRU6UUHPRYDODOWKRXJKWKH\SUHVHQWDORZVXUIDFH
DUHD WR YROXPH UDWLR ,Q RUGHU WR LQFUHDVH WKH VXUIDFH DUHD RI WKHVHPDWHULDOV VRGLXP
FREDOW KH[DF\DQRIHUUDWH &R)&HQFDSVXODWLQJ $OJ EHDGV UHLQIRUFHG ZLWK KLJKO\
GLVSHUVHG PXOWLZDOOHG FDUERQ QDQRWXEHV KDYH EHHQ SURSRVHG DV DGVRUEHQWV IRU 6U
UHPRYDO>@
$QRWKHUIDFWRUWREHFRQVLGHUHGLVKRZWRUHPRYHRUVHSDUDWHWKRVHDEVRUEHQWV
DIWHU WKH DGVRUSWLRQ SURFHVV IURPZDWHU RU VHDZDWHU +RQJ et al.  V\QWKHVL]HG
$OJ)H2 FRPSRVLWHV WR UHPRYH6U IURP VHDZDWHU ([FHOOHQW 6U XSWDNHV FD 
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PJJZHUH REWDLQHG E\ WKHVH DXWKRUV >@$OJ ILEHU LV D VXLWDEOH DEVRUEHQW IRU 6U
UHPRYDO:HWVSLQQLQJLVRQHRIWKHVHYHUDOPHWKRGVDYDLODEOHWRSURGXFH$OJILEHURU
$OJFRPSRVLWHILEHUV>@,QWKLVZRUNZHIRFXVHGRQWKHDEVRUSWLRQEHKDYLRURI
6U RYHU $OJ ILEHUV SURGXFHG E\ D ZHW VSLQQLQJ WHFKQLTXH ,Q WKHVH H[SHULPHQWV
VHYHUDO SDUDPHWHUV LH WKH $OJ VKDSH $OJ JUDGH LQLWLDO 6U FRQFHQWUDWLRQ ZHUH
VWXGLHGDQGWKHLUHIIHFWRQWKH6UDGVRUSWLRQFDSDFLW\ZDVGHWHUPLQHG,QDGGLWLRQWKH
/DQJPXLU DQG)UHXQGOLFK DGVRUSWLRQ LVRWKHUPVZHUHGHYHORSHGDQGD WKHUPRG\QDPLF
DQDO\VLVZDVFDUULHGRXW)LQDOO\WKHIHDVLELOLW\RIXVLQJ$OJILEHUIRU6UDGVRUSWLRQLQ
VLPXODWHGVHDZDWHULQWKHSUHVHQFHRIRWKHULRQVZDVVWXGLHG

([SHULPHQWDO
4.2.1 Materials 
6RGLXPDOJLQDWH$OJ1DRIVHYHUDOJUDGHVLH,0* YLVFRVLW\ 
P3DāV ,* 0* YLVFRVLW\ P3DāV ,00* YLVFRVLW\ 
P3DāV DQG ,/ YLVFRVLW\   P3DāV ZHUH VXSSOLHG IURP.,0,&$&RUSRUDWLRQ
7KHVHYLVFRVLW\RIZHUHPHDVXUHGXVLQJDTXHRXVVROXWLRQDWႏ6WDQGDUG6U
6U&2 LQ PRO/+12 6U PJ/ DQG&D &D&2 LQ PRO/+12
&D PJ/ VROXWLRQV 6U&O+62&D&O DQGPHWKDQRO 0H2+RI DQDO\WLFDO
JUDGHZHUHSXUFKDVHGIURP:DNR3XUH&KHPLFDO,QGXVWULHV/WG-DSDQ'LIIHUHQW$OJ
ILEHUV ZHUH REWDLQHG E\ FRDJXODWLRQ RI +62 $OJDFLG RU &D&O $OJ&D
VROXWLRQV

4.2.2 Preparation of Alg-Ca fibers 
 )LUVW $OJ1D  J ZDV DGGHG WR GLVWLOOHG ZDWHU  J DQG VXEVHTXHQWO\
PL[HGDWUSPIRUK6XEVHTXHQWO\WKH$OJ1DVROXWLRQZDVGHIRDPHGXQWLOWKH
DLUEXEEOHVZHUHFRPSOHWHO\JRQH7KHFRQFHQWUDWLRQVRIWKHGRSHVROXWLRQVYDULHGIURP
WRZW'LIIHUHQW$OJ1DJUDGHVZHUHDOVRXVHG,,*,0DQG,/7KH
GRSHVROXWLRQVZHUHVXEVHTXHQWO\VSXQWRJHWWKH$OJILEHUE\DZHWVSLQQLQJWHFKQLTXH
7KHZHWVSLQQLQJFRQGLWLRQVDUHVKRZQLQ)LJXUH$IWHUVSLQQLQJ WKHILEHUVZHUH
QHXWUDOL]HGZDVKHGZLWK0H2+ IRU VHYHUDO WLPHV VXEVHTXHQWO\ VHSDUDWHG IURP HDFK
RWKHUE\KDQGWREHDVLQJOHILEHUWRSUHYHQWFUDFNLQJDIWHUGU\LQJDQGILQDOO\GULHGDW
Chapter 4. Preparation of Alginate Fibers Coagulated by Calcium Chloride or Sulfuric Acid: 
Application to the Adsorption of Sr2+ 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB





URRP WHPSHUDWXUH 7KH GLDPHWHUV RI WKH ILEHUV ZHUH PHDVXUHG ZLWK D &RRODQW 3URRI
0LFURPHWHU6HULHVPLFURPHWHU0LWXWR,3-DSDQ


)LJXUH:HWVSLQQLQJDSSDUDWXV

4.2.3 Preparation of Alg beads 
)LUVWDQG$OJ1D,JUDGHGRSHVROXWLRQVZHUHSUHSDUHGDQGSRXUHG
LQWRDV\ULQJHZLWKDQLQVLGHGLDPHWHURIPPFRQQHFWHGWRDQDLUSXPS6HFRQGD
&D&ODTXHRXVVROXWLRQZDVXVHGDVDFRDJXODWLRQVROXWLRQ7KLUGDLUSUHVVXUHZDV
DSSOLHG ZLWK DQ DLUEORZ SODFHG EHORZ WKH V\ULQJH¶V WLS LQ RUGHU WR REWDLQ VSKHULFDO
$OJ&DEHDGV7KH$OJ&DEHDGVZHUHVXEVHTXHQWO\VWLUUHGLQWKHFRDJXODWLRQVROXWLRQ
IRUGD\DIWHUZKLFKWKH\ZHUHZDVKHGZLWKGLVWLOOHGZDWHU7KHUHDIWHUWKHEHDGVZHUH
SUHGULHG DW URRP WHPSHUDWXUH IRU  K GHQRWHG DV ZHW EHDG 7KH EHDGVZHUH WKHQ
FRPSOHWHO\GULHGZKLFKZDVDLUGULHG DW URRP WHPSHUDWXUH IRUK GHQRWHGDVGULHG
EHDG
4.2.4 Sr2+ adsorption tests 
6U DGVRUSWLRQ WHVWVZHUHFDUULHGRXWXVLQJ$OJ&D  ,JUDGHRI VHYHUDO
VKDSHVDQGLQWKHZHWEHDGGULHGEHDGDQGUHJXODUILEHUIRUPVDVWKHDGVRUEHQWVJ
RI WKH DGVRUEHQWVZHUH DGGHG WR D6U&O DTXHRXV VROXWLRQ PJ/ P/ DQG WKH
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PL[WXUH ZDV VKDNHQ DW  USP DQG & IRU  K 7KHUHDIWHU WKH DGVRUEHQW ZDV
UHPRYHG DQG WKH FRQFHQWUDWLRQ RI 6U ZDVPHDVXUHG E\ LQGXFWLYHO\ FRXSOHG SODVPD
DWRPLFHPLVVLRQVSHFWURVFRS\,&3$(66KLPDG]X,&36-DSDQDWDZDYHOHQJWK
RIQP ,QDGGLWLRQ WKHHIIHFWRI WKH LQLWLDO6UFRQFHQWUDWLRQZDVVWXGLHGE\
YDU\LQJ WKH6U FRQFHQWUDWLRQ IURP WRPJ/RYHU$OJDFLGDQG$OJ&D ILEHUV
REWDLQHGIURPDQ,JUDGHVROXWLRQ7KHDGVRUSWLRQSHUFHQWDJHZDVFDOFXODWHGE\
(TXDWLRQ

$EVRUSWLRQSHUFHQWDJH C íCeC u         

ZKHUHCDQGCeDUHWKH6UFRQFHQWUDWLRQVPJ/DWWKHLQLWLDODQGHTXLOLEULXPVWDWHV
UHVSHFWLYHO\

7KHDGVRUSWLRQFDSDFLWLHVPJJDWDQ\WLPHqtDQG DWWKHHTXLOLEULXPqeDUH
GHILQHGE\(TXDWLRQDQG(TXDWLRQUHVSHFWLYHO\ 

qt C íCtuVw        

qe C íCeuVw       

ZKHUHCtLVWKH6UFRQFHQWUDWLRQPJ/DWDQ\WLPHV P/LVWKHYROXPHRIWKH
VROXWLRQDQGwJLVWKHPDVVRIDGVRUEHQW

4.2.5 Morphology of the adsorbents 
7KH PRUSKRORJLHV RI WKH ZHW DQG GULHG EHDGV ZHUH REVHUYHG E\ RSWLFDO
PLFURVFRSH 7KH PRUSKRORJLHV RI VHYHUDO $OJ ILEHUV ZHUH REVHUYHG E\ VFDQQLQJ
HOHFWURQPLFURVFRSH 6(0-(2/-60)-DSDQ(DFKVDPSOHZDVZDVKHGDIWHU
HDFK WUHDWPHQW ZLWK GLVWLOOHG ZDWHU DQG YDFXXP GULHG DW & 7KHPRUSKRORJLHV RI
ERWKWKHILEHUVXUIDFHDQGLWVFURVVVHFWLRQZHUHREVHUYHG


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4.2.6 Adsorption isotherms 
,QRUGHUWRVWXG\WKHHTXLOLEULXPDGVRUSWLRQWKHHPSLULFDO)UHXQGOLFK>@DQG
/DQJPXLULVRWKHUPV>@ZHUHXVHG7KH)UHXQGOLFKLVRWKHUPLVH[SUHVVHGDV(TXDWLRQ


qe = K)Ce1/n            

RUDOWHUQDWLYHO\LQWKHOLQHDUIRUPDV

OQqe OQK)nOQCe        

ZKHUH K) DQG n DUH WKH )UHXQGOLFK SDUDPHWHUV +LJKHU K) YDOXHV LPSO\ KLJKHU
DGVRUSWLRQFDSDFLWLHV

7KH/DQJPXLULVRWKHUPFDQEHFDOFXODWHGE\XVLQJ(TXDWLRQRU(TXDWLRQ
 

qe = qmKCe+KCe        
 
Ce/qe = /qmK + Ce/qm       

ZKHUHqmPJJDQGK /PJDUHWKHPD[LPXPPRQROD\HUDGVRUSWLRQFDSDFLW\DQGWKH
/DQJPXLUFRQVWDQWUHVSHFWLYHO\

4.2.7 Thermodynamic analysis 
 ,Q RUGHU WR LQYHVWLJDWH WKH WKHUPRG\QDPLF DVSHFWV RI WKH 6U DGVRUSWLRQ
SURFHVVD6UVROXWLRQP/PJ/ZDVDGVRUEHGE\HLWKHU$OJDFLGJRU
$OJ&D  J ILEHUV 7KH WHPSHUDWXUH RI WKH DGVRUSWLRQ VROXWLRQ ZDV FRQWUROOHG E\
XVLQJDFRQVWDQWWHPSHUDWXUHVKDNHUDWUSP7KHWHPSHUDWXUHZDVYDULHGIURPWR
& $OJDFLG DQG $OJ&D ILEHUV ZHUH VKDNHQ IRU  DQG  PLQ UHVSHFWLYHO\
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7KHUHDIWHUWKHVXSHUQDWDQWZDVGLOXWHGWLPHVDQGWKHUHPDLQLQJ6UFRQFHQWUDWLRQ
LQWKHVROXWLRQZDVPHDVXUHG 
 )RU WKH WKHUPRG\QDPLF SDUDPHWHUV %LJJDU DQG &KHXQJ >@ SURSRVHG WKH
WKHRULFDOPHWKRG WR ILQG WKH*LEEV IUHH HQHUJ\ FKDQJHV 'GR WKH HQWKDOS\ FKDQJHV
ǻH°DQGHQWURS\FKDQJHVǻS°E\XVLQJWKHHTXLOLEULXPFRQVWDQWKRZKLFKFDQEH
FDOFXODWHGXVLQJ(TXDWLRQ

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 

ZKHUH sa  DQG ea  DUHDFWLYLW\RIWKHDGVRUEHGDGVRUEDWHDQGDFWLYLW\RIWKHDGVRUEDWHDW
HTXLOLEULXPZKLOHCsLVPJRIDGVRUEDWHDGVRUEHGSHUP/RIVROYHQWLQFRQWDFWZLWKWKH
DGVRUEHQW VXUIDFHCe LVPJRI DGVRUEDWHSHUP/RI VROYHQW DW WKHHTXLOLEULXP sJ  LV
DFWLYLW\ FRHIILFLHQW RI WKH DGVRUEHG DGVRUEDWH DQG eJ  LV DFWLYLW\ FRHIILFLHQW RI WKH
DGVRUEDWHDWHTXLOLEULXP6LQFHWKHDGVRUEDWHFRQFHQWUDWLRQLVVRORZWKDW sJ  DQG eJ 
FDQEHDVVXPHGWREHXQLW\(TXDWLRQEHFRPHV(TXDWLRQ
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ZKHUH   C M A NU u  ZKLFKLVDFRQVWDQW U  LVGHQVLW\RIVROYHQWJP/M1 LV
PROHFXODUZHLJKWRIVROYHQWJPROA1LVFURVVVHFWLRQDODUHDRIWKHVROYHQWPROHFXOH
FPPROHFXOHNLV$YRJDGUR¶VQXPEHUuPROHFXOHVPROsLVVXUIDFHDUHD
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RI WKHDGVRUEHQW FPJDQGqe LV WKHDGVRUSWLRQFDSDFLWLHVDW WKHHTXLOLEULXPPJJ
:KHQFRPELQH(TXDWLRQDQG(TXDWLRQ

 e
e
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 uu                              

7KH*LEEVIUHHHQHUJ\FKDQJHV'GRFDQEHFDOFXODWHGE\IROORZLQJ(TXDWLRQ

'GR 'HRíT'SR  OQRT KR            

(TXDWLRQFDQEHUHZULWWHQDV

OQKR 'SR/R í 'HR/RT                               

 1HYHUWKHOHVVLWLVGLIILFXOWWRGHWHUPLQHWKHVXUIDFHDUHDsRIWKHDGVRUEHQW
VRWKHUHDUHPDQ\UHVHDUFKHUVKDYHEHHQXVLQJKGWKHSDUWLWLRQFRHIILFLHQWLQVWHDGRI
.R>@ZKLFKLVH[SUHVVHGDV

KG qe/Ce               

 $V FDQ EH VHHQ KG LQ (TXDWLRQ  LV SURSRUWLRQDO WR KR LQ (TXDWLRQ
 EHFDXVH WKH YDOXH RI &s LQ (TXDWLRQ  LV YHU\ ODUJH VR YDULDWLRQ RI s
GRHVQ¶WDIIHFWPXFKWRWKLVUDWLR7KHQLWFRXOGEHFRQVLGHUHGWREHFRQVWDQW,WVKRXOGEH
QRWHG WKDW UHSODFLQJKR ZLWKKG GRHV QRW SURYLGH WKH H[DFW YDOXH RI WKHUPRG\QDPLF
SDUDPHWHUV EXW HDV\ FDOFXODWLRQ XVLQJ KG FRXOG EH XVHG LQ WKH FRPSDULVRQ RI
WKHUPRG\QDPLFSDUDPHWHUVDVUHODWLYHYDOXHV7KHUHIRUHǻH°DQGǻS°FDQEHFDOFXODWHG
E\(TXDWLRQ>@ 

OQKG 'SR/R í 'HR/RT                 

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ZKHUH ǻH° DQG ǻS° DUH WKH HQWKDOS\ DQG HQWURS\ FKDQJHV UHVSHFWLYHO\ DW VWDQGDUG
FRQGLWLRQV LH  DWP  N3D DQG  &  . R LV WKH JDV FRQVWDQW
-PRO.DQGT . LV WKHDGVRUSWLRQ WHPSHUDWXUH7KHHQWURS\ ǻS°
DQGHQWKDOS\ ǻH°YDOXHVFDQEHFDOFXODWHGIURPWKHVORSHDQG WKH LQWHUFHSWRIYDQ
W
+RIISORW>@RIOQKGYHUVXVT )LJ

4.2.8 Sr2+ adsorption over Alg fibers in the presence of additional ions 
6LQFH WKLV VWXG\ ZDV DLPHG WR SUHSDUH DGVRUEHQWV IRU WKH UHPRYDO RI OHDNHG
UDGLRDFWLYH6UIURPVHDZDWHUWKHHIIHFWRI&DDQG1DDVFRH[LVWLQJLRQVRQWKH6U
DGVRUSWLRQ SURFHVV ZDV LQYHVWLJDWHG $FFRUGLQJ WR WKH VWDQGDUG PHDQ FKHPLFDO
FRPSRVLWLRQRI VHDZDWHU VDOLQLW\ SHUPLOOH WKH UDWLRRI6U1D&DZDV
>@)RUHDV\SUHSDUDWLRQRIWKHVLPXODWHGVHDZDWHULQWKLVH[SHULPHQWWKH
WKUHHEDWFKHVRILRQVROXWLRQZHUHSUHSDUHGZLWK6U1D6U&DDQG6U1D&D
UDWLRVRIDQGUHVSHFWLYHO\$OJDFLGDQG$OJ&DILEHUV
REWDLQHGIURPDQ,JUDGHVROXWLRQZHUHXVHGDVWKHDGVRUEHQWV

4.2.9 Swelling tests
 7KH VDPSOHV ZHUH YDFXXP GULHG DW  & IRU  K ZHLJKWHG DQG ILQDOO\
LPPHUVHG LQ GLVWLOOHG ZDWHU DW URRP WHPSHUDWXUH IRU  K 7KH VDPSOHV ZHUH
VXEVHTXHQWO\ UHPRYHG IURP GLVWLOOHG ZDWHU DQG WKH H[FHVV ZDWHU ZDV UHPRYHG 7KH
ZHLJKWRIWKHILEHULQLWVVZROOHQVWDWHZDVPHDVXUHGXVLQJDEDODQFH7KHVZHOOLQJUDWLR
ZDVGHWHUPLQHGXVLQJ(TXDWLRQ

6ZHOOLQJUDWLR WVíWLWLu                 

ZKHUHWL J DQGWV J DUH WKH LQLWLDO ZHLJKW DQG WKH ZHLJKW DW WKH VZROOHQ VWDWH
UHVSHFWLYHO\
 7KHVXUIDFHDQGFURVVVHFWLRQRIDQ$OJDFLGILEHUREWDLQHGIURP,JUDGH
VROXWLRQDIWHUVZHOOLQJLQZDWHURUVLPXODWHGVHDZDWHUZHUHREVHUYHGE\6(0DQG
îPDJQLILFDWLRQV

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
5HVXOWVDQG'LVFXVVLRQ
4.3.1 Effect of the producing method on the Alg shapes 
,QWKHVHH[SHULPHQWVWKHFRQFHQWUDWLRQRIWKH$OJ1D,/JUDGHGRSHVROXWLRQ
ZDVYDULHGLHDQGZKLOHD&D&OVROXWLRQZDVXVHGDVWKHFRDJXODQW
7KHUHVXOWVUHYHDOHGWKDWWKHYLVFRVLW\RIWKHGRSHVROXWLRQZDVWRRORZDQGWKHILEHU
ZDVEURNHQGXULQJWKHVWUHWFKLQJSURFHVVDVDUHVXOW2QWKHRWKHUKDQGWKHYLVFRVLW\RI
WKH  GRSH VROXWLRQ ZDV H[WUHPHO\ KLJK DQG WKLV VROXWLRQ ZDV HMHFWHG IURP WKH
QR]]OH ¡    PP ZLWK GLIILFXOW\ ,Q FRQWUDVW WKH  GRSH VROXWLRQ ZDV YHU\
IOH[LEOHDQGZKLWHILEHUVZHUHREWDLQHG¡ PP,QWKHFDVHRIWKH$OJ&DILEHU
REWDLQHG IURP  , JUDGH VROXWLRQ WKH REWDLQHG ILEHUV ZHUH YHU\ VRIW DQG ZKLWH
GHVSLWH EHLQJ GULHG DW URRP WHPSHUDWXUH ¡    PP ,Q WKH FDVH RI $OJ ILEHUV
REWDLQHG IURP  ,0 JUDGH VROXWLRQ WKH ILEHUV ZHUH HQWDQJOHG ZLWK HDFK RWKHU
VHYHUDO WLPHV DW WKH VHFRQG UROOHU GXULQJ WKH VWUHWFKLQJ VWHS RI WKH VSLQQLQJ SURFHVV
DOWKRXJKWKH\FRXOGEHILQDOO\VSXQ6RIWDQGWKLQEURZQILEHUVZHUHREWDLQHGDIWHUDLU
GU\LQJDVDUHVXOWRIWKHKLJKFRQWHQWRI0XQLWVLQWKH$OJPROHFXOH¡ PP,Q
WKHFDVHRI$OJILEHUVREWDLQHGIURP,*JUDGHVROXWLRQDIWHUDLUGU\LQJKDUGDQG
WKLFNZKLWH ILEHUVZLWKDGLDPHWHURIPPZHUHREWDLQHG ,W LVEHOLHYHG WKDW WKH
IRUPDWLRQRIDQHJJER[VWUXFWXUHZDVIDYRUHGDVDUHVXOWRIWKHKLJKHU*FRQWHQWLQWKLV
$OJ PROHFXOH DV FRPSDUHG WR WKDW RI WKH ,0 JUDGH 7KH FKHPLFDO VWUXFWXUH RI WKH
HJJER[DUUDQJHPHQWSURGXFHGIURP0DQG*LVVKRZQLQ)LJXUH


)LJXUH&KHPLFDOVWUXFWXUHVRID$OJ1DDQGELWVHJJER[VWUXFWXUH
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%DVHGRQWKHDERYHGLVFXVVLRQWKHRSWLPXPFRQFHQWUDWLRQVRIWKH$OJ1DJUDGH
XVHGIRUSUHSDULQJWKH$OJILEHUVGRSHVROXWLRQDQGWKHDYHUDJHGLDPHWHUVRIHDFKILEHU
DUH VKRZQ LQ 7DEOH  ,Q WKLV ZRUN $OJDFLG ILEHUV ZHUH SUHSDUHG DW WKH RSWLPXP
FRQGLWLRQV SUHYLRXVO\ GHWHUPLQHG IRU $OJ&D ILEHUV :KHQ FRPSDUHG WR WKH $OJ&D
ILEHU$OJDFLGILEHUVUHVXOWHGLQKDUGWKLFNDQGZKLWHILEHUVZLWKORZIOH[LELOLW\7KHVH
UHVXOWV FDQ EH H[SODLQHG LQ WHUPV RI $OJDFLG ILEHUV KDYLQJ QR FDOFLXPGHULYHG
FURVVOLQNLQJDQGUDQGRPFRDJXODWLRQRIPROHFXODUFKDLQV7KHDYHUDJHGLDPHWHUVRIWKH
ILEHUVDUHVXPPDUL]HGLQ7DEOH

7DEOH  2SWLPXP FRQFHQWUDWLRQV RI HDFK $OJ1D JUDGH IRU ZHW VSLQQLQJ RI $OJ
ILEHUV

$OJ1D
JUDGH
2SWLPXP
FRQFHQWUDWLRQ
GLDPHWHUPP
$OJDFLG
ILEHU
$OJ&D
ILEHU ZHWEHDGV GULHGEHDGV
,/    ௅ ௅
,    ௅ ௅
,  ௅ ௅  
,0    ௅ ௅
,*    ௅ ௅

,QDGGLWLRQWKHRSWLPXPFRQFHQWUDWLRQIRU$OJ&DEHDGVKDYLQJVSKHULFDOVKDSH
ZDV  , JUDGH VROXWLRQ  J RI GULHG$OJ EHDGV FRXOG EH SUHSDUHG LQ  GD\
8QLIRUP JUDQXODUVKDSHG EHDGV KDYLQJ DYHUDJH GLDPHWHUV RI  ZHW DQG 
GULHGPPUHVSHFWLYHO\ZHUHREWDLQHGDVVKRZQLQ)LJXUH0RUSKRORJLHVRI WKH
GULHG $OJ&D EHDGV RSWLFDO PLFURVFRSH DW î DQG îPDJQLILFDWLRQ WKURXJK RSWLFDO
PLFURVFRS\ZHUHVKRZQLQ)LJXUH


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
)LJXUH3KRWRJUDSKVRIZHWDQGGULHG$OJ&DEHDGV 
DZHWEHDGVDQGEGULHGEHDGV


)LJXUH0RUSKRORJ\RIWKHGULHG$OJ&DEHDGVXSRQRSWLFDOPLFURVFRSH 
DîPDJQLILFDWLRQEîPDJQLILFDWLRQ

4.3.2 Adsorption percentage using Alg-Ca adsorbents with different 
shapes
$FRPSDULVRQRIWKHDGVRUSWLRQSHUFHQWDJHV6UVROXWLRQRIPJ/P/
ZKHQXVLQJZHWDQGGULHGEHDGVDVZHOODV UHJXODU$OJ&DILEHUV J LV VKRZQ LQ
)LJXUH  &RQVLGHULQJ RQO\ZHW DQG GULHG EHDGV WKH GULHG EHDGV VKRZHG D KLJKHU
QXPEHURI$OJXQLWV IRU WKH VDPHVDPSOHZHLJKW J VLQFH WKH\KDYH ORZHUZDWHU
FRQWHQWV DV FRPSDUHG WR WKH ZHW EHDGV ,Q DGGLWLRQ DV WKH VXUIDFH DUHD RI WKH VPDOO
EHDGV LH GULHG EHDGV ZDV DOVR KLJKHU DV FRPSDUHG WR WKH ZHW EHDGV WKH IRUPHU
DFKLHYHG KLJKHU 6U DGVRUSWLRQ SHUIRUPDQFH  YHUVXV  &RPSDULQJ
$OJ&D ILEHU DQG $OJ&D EHDGV WKH UHVXOWV UHYHDOHG UHPDUNDEO\ KLJKHU DGVRUSWLRQ
SHUFHQWDJHVIRU WKHILEURXVPDWHULDO)URPWKHVHUHVXOWV LWFDQEHFRQFOXGHG
WKDW WKH ILEURXV PDWHULDO SURYLGHG DQ H[FHOOHQW DGVRUSWLRQ FDSDFLW\ DV D UHVXOW RI LWV
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KLJKHUVXUIDFHDUHDWRYROXPHUDWLRDVFRPSDUHGWRWKHEHDGPDWHULDO%HVLGHVWKHZHW
VSLQQLQJ WHFKQLTXH LVDQHDV\ UHSHDWDEOH DQGFRQWLQXRXVSURFHVV7KLV WHFKQLTXHFDQ
SURYLGHORZFRVWILEHUVDVZHOODVKLJKSURGXFWLYLW\

)LJXUH6UDGVRUSWLRQSHUFHQWDJHDIWHUKDGVRUSWLRQXVLQJ$OJ&D 
ZLWKGLIIHUHQWVKDSHVLQLWLDOFRQFHQWUDWLRQSSP

4.3.3 Comparison of the adsorption percentage using Alg-acid and 
Alg-Ca as the adsorbents 
JRIVL[ W\SHVRIILEHUVLH$OJDFLGREWDLQHGIURP,/DQG,
JUDGHVROXWLRQV$OJ&DREWDLQHGIURP,/,,*DQG,0JUDGH
VROXWLRQVZHUH XVHG WR DGVRUE 6U PJ/ P/ DQG WKH UHVXOWV DUH VKRZQ LQ
)LJXUH%RWK$OJDFLGILEHUVRI,/DQG,JUDGHVUHDFKHGDGVRUSWLRQHTXLOLEULXP
FDZLWKLQPLQ2QWKHRWKHUKDQGFRPSDUHGZLWKWKHRWKHUJUDGHVVLQFHWKH
,*JUDGHKDVDKLJKHUFRQVWLWXHQW UDWLRRIJXOXURQLFDFLG WKH$OJ&DILEHUSUHSDUHG
IURP,*SURGXFHGPRUHHJJER[VWUXFWXUHVDQGWKHPD[LPXPDGVRUSWLRQSHUFHQWDJH
 :KHQ XVLQJ $OJ&D ILEHUV DV DGVRUEHQWV WKH DGVRUSWLRQ HTXLOLEULXP ZDV
UHDFKHGDIWHU±PLQLQDOOFDVHV,QWKHFDVHRI$OJ&DILEHUV6ULVFRQVLGHUHGWR
EHDGVRUEHGRQYDFDQWDGVRUSWLRQVLWHVLQWKHSUHVHQFHRI&DRUDOWHUQDWLYHO\WKURXJK
LRQH[FKDQJHZLWK&D$FFRUGLQJWRWKHELQGLQJFRQVWDQWVWKHLRQH[FKDQJHSURFHVV
ZDVSRVVLEOH)LJXUH>@

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
)LJXUH6UDGVRUSWLRQUDWHVXVLQJVHYHUDOJUDGHVRIILEHUV 
LQLWLDOFRQFHQWUDWLRQSSP




)LJXUH,RQH[FKDQJHEHWZHHQ&DDQG6ULQ$OJ&DILEHU 
DQGWKHLUELQGLQJFRQVWDQWV


Chapter 4. Preparation of Alginate Fibers Coagulated by Calcium Chloride or Sulfuric Acid: 
Application to the Adsorption of Sr2+ 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB





 7KH 6(0 PLFURJUDSKV RI WKH VXUIDFHV  DQG  PDJQLILFDWLRQV RI
$OJDFLGDQG$OJ&DILEHUVEHIRUHDQGDIWHU6UDGVRUSWLRQIRUKDUHVKRZQLQ)LJXUH
7KHGLDPHWHUVRIWKH$OJ&DILEHUEHIRUHDQGDIWHUDGVRUSWLRQZHUHDQGȝP
UHVSHFWLYHO\ WKHUHE\ LQGLFDWLQJ WKDW VZHOOLQJ HYHQ DIWHU DGVRUSWLRQ IRU  K RI ILEHUV
ZDV VOLJKWO\ GHFUHDVHG7KH$OJ&D ILEHU DGVRUEHQW DUH VXJJHVWHG WR KDYHKLJKZDWHU
UHVLVWDQFHHYHQDIWHUDGVRUSWLRQIRUDORQJWLPH8QOLNHWKH$OJ&DILEHUVWKH$OJDFLG
ILEHUVZHUHVZROOHQE\ZDWHUDIWHUDGVRUSWLRQȝPYHUVXVȝPLQGLDPHWHUEHIRUH
DQGDIWHUDGVRUSWLRQUHVSHFWLYHO\7KLVLQFUHDVHLQWKHILEHUGLDPHWHURFFXUUHGGXULQJ
DGVRUSWLRQDQGUHPDLQHGDIWHUGU\LQJ ,QDGGLWLRQDVVKRZQLQ)LJXUHFDQG J
FRPELQDWLRQRIILEHUVDIWHUDGVRUSWLRQZDVREVHUYHG6LQFHD&DIUHHILEHUKDVYHU\ORZ
FDWLRQ FRQWHQWV LW FDQ LQVWDQWDQHRXVO\ IRUP DQ LRQLF ERQG DQG FDQ DGVRUE 6U
LPPHGLDWHO\ :KHQ FRPSDULQJ $OJDFLG DQG $OJ&D ILEHUV ZLWK VLPLODU JUDGHV DQG
FRQFHQWUDWLRQVWKHVZHOOLQJUDWLRDIWHUKRIDGVRUSWLRQZDVVLJQLILFDQWO\KLJKHUIRUWKH
$OJDFLG ILEHU  DV FRPSDUHG WR WKH$OJ&D ILEHU 7KHUHIRUH WKHZDWHU
UHVLVWDQFHRI$OJDFLGILEHUVVKRXOGEHLPSURYHGIRUSUDFWLFDODSSOLFDWLRQV


)LJXUH6(0PLFURJUDSKVRI$OJ&DDQG$OJDFLGILEHUVEHIRUHDGVRUSWLRQD
$OJ&DILEHUîE$OJ&DILEHUîF$OJDFLGILEHUîG$OJDFLG
ILEHUî$OJ&DDQG$OJDFLGILEHUVDIWHUKDGVRUSWLRQH$OJ&DILEHUî
I$OJ&DILEHUîJ$OJDFLGILEHUîDQGK$OJDFLGILEHUî

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4.3.4 Effect of the initial Sr2+ concentration 
 $VVKRZQLQ)LJXUHWKHDGVRUSWLRQFDSDFLW\PJJRIWKH$OJ&DILEHUV
LQFUHDVHGZLWKWKHLQLWLDO6UFRQFHQWUDWLRQUHDFKLQJDPD[LPXPRIPJJDWDQ
LQLWLDO6UFRQFHQWUDWLRQRIPJ/&RQVLGHULQJWKHWKHRUHWLFDOQXPEHURIHJJER[
VWUXFWXUHXQLWVLQJRIDLUGULHG$OJ&DILEHUPPROJWKHPD[LPXPDPRXQWRI
6U WKDW  J RI $OJ&D ILEHU FRXOG H[FKDQJH LV  PJJ &RQVLGHULQJ WKH
H[SHULPHQWDOUHVXOWVWKHPD[LPXPDPRXQWDGVRUEHGZDVPJJDWDQLQLWLDO6U
FRQFHQWUDWLRQ RI FD  PJ/ 7KLV FRUUHVSRQGV SUREDEO\ WR WKH OLPLW RI WKH
DGVRUSWLRQ FDSDFLW\ DQG LW LV SUHGLFWHG WKDW WKH DGVRUEHG DPRXQW EHFRPHV FRQVWDQW
ZKLOHLQFUHDVLQJWKHLQLWLDO6UFRQFHQWUDWLRQ8QOLNHWKH$OJ&DILEHU WKHDGVRUSWLRQ
OLPLWRI WKH$OJ$FLGILEHU UHDFKHGFDPJ/DQG WKHPD[LPXPDGVRUEHGDPRXQW
ZDVFDPJJ0RUHRYHUWKHWKHRUHWLFDOQXPEHURIHJJER[VWUXFWXUHXQLWVLQJRI
DLUGULHG $OJ$FLG ILEHU LV  PPROJ WKDW FRUUHVSRQGV WR D PD[LPXP DGVRUEHG
DPRXQW RI  PJJ ,W LV EHOLHYHG WKDW  RI WKH FRQVWLWXHQW $OJ XQLWV ZHUH
HIIHFWLYH DGVRUSWLRQ VLWHV IRU 6U 7KLV UHVXOW PD\ EH H[SODLQHG E\ WKH GLIIHUHQW
FRDJXODWLRQ PHWKRG HPSOR\HG 7KXV LQ WKH FDVH RI $OJDFLG ILEHUV WKH PROHFXODU
FKDLQVZHUHUDQGRPO\HQWDQJOHGGXULQJVROLGLILFDWLRQZLWKLQWKHVSLQQLQJSURFHVV7KLV
PROHFXODU FKDLQ DUUDQJHPHQW FDQ KDUGO\ IRUP WKH HJJER[ VWUXFWXUH $W KLJK 6U
FRQFHQWUDWLRQVRQO\RIWKHWKHRUHWLFDODGVRUSWLRQFDSDFLW\ZDVREWDLQHG+RZHYHU
WKH $OJDFLG ILEHU UHDFKHG DGVRUSWLRQ HTXLOLEULXP ZLWKLQ  PLQ HYHQ ZLWK KLJK
FRQFHQWUDWLRQVROXWLRQ)LJXUH7KHUHIRUHDWORZFRQFHQWUDWLRQVLWLVSRVVLEOHWR
TXLFNO\ DGVRUE ODUJH DPRXQWV RI 6U IURP SXUH ZDWHU ,QWHUHVWLQJO\ DW KLJK
FRQFHQWUDWLRQVWKH$OJ&DILEHUFDQDGVRUE6ULQODUJHDPRXQWVYLDLRQH[FKDQJHZLWK
&D
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)LJXUH$GVRUSWLRQFDSDFLW\DWHTXLOLEULXPRQ$OJ&DDQG$OJDFLGILEHUV 
DWYDULRXVLQLWLDO6UFRQFHQWUDWLRQV


)LJXUH$GVRUSWLRQFDSDFLW\RQ$OJDFLGREWDLQHGIURPRI,JUDGH 
DWYDULRXVLQLWLDO6UFRQFHQWUDWLRQV
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4.3.5 Adsorption isotherms 
 7DEOHVKRZVWKHSDUDPHWHUVRIWKH/DQJPXLUDQG)UHXQGOLFKLVRWKHUPIRU
WKH 6U DEVRUSWLRQ RQ $OJ$FLG DQG $OJ&D ILEHUV ,Q WKH FDVH RI WKH /DQJPXLU
DGVRUSWLRQ LVRWKHUP KLJKHU FRUUHODWLRQ FRHIILFLHQWV R ZHUH REWDLQHG IRU $OJDFLG
ILEHUV DV FRPSDUHG WR WKHLU $OJ&D FRXQWHUSDUWV  YHUVXV  7KH qm DQG
/DQJPXLUFRQVWDQWKZHUHPJJDQG/PJUHVSHFWLYHO\7KHUHIRUHLWLV
VXJJHVWHG WKDW WKH DGVRUSWLRQ RI 6U E\ $OJDFLG ILEHUV LV D PRQROD\HU DGVRUSWLRQ
SURFHVV 7KXV RQH 6U LV FRQVLGHUHG WR DGVRUE RQ RQH DGVRUSWLRQ VLWH LH HJJER[
VWUXFWXUH ZLWK $OJ  XQLWV &RQVLGHULQJ WKH )UHXQGOLFK LVRWKHUP WKH $OJ&D ILEHU
VKRZHG KLJKHU R YDOXHV  WKDQ WKH $OJDFLG ILEHU  K) DQG n RI
)UHXQGOLFKSDUDPHWHUVZHUHDQGUHVSHFWLYHO\)URPWKHVHUHVXOWVLWFDQEH
FRQFOXGHG WKDW 6U DGVRUSWLRQ RQ $OJ&D ILEHUV FRUUHODWHG ZHOO ZLWK D )UHXQGOLFK
DGVRUSWLRQ LVRWKHUP LH PXOWLPROHFXODU OD\HU DGVRUSWLRQ ZLWKRXW D OLPLWHG YDOXH
+RZHYHUZKHQXVLQJ$OJ&DILEHUV)LJXUHWKHUHVXOWVUHYHDOHGD6UDGVRUSWLRQ
OLPLW YDOXH RI  PJ/ SUREDEO\ EHFDXVH WKH S+ RI WKH 6U VROXWLRQ ZDV QRW
DGMXVWHG,QDGGLWLRQWKHDGVRUSWLRQEHKDYLRUDWFRQFHQWUDWLRQVDERYHPJ/FDQQRW
EHVWXGLHGEHFDXVHWKH6UVROXWLRQEHFDPHWXUELGDWWKHVHFRQFHQWUDWLRQV,QRUGHUWR
FRQILUPWKH)UHXQGOLFK LVRWKHUP WKH6UDGVRUSWLRQEHKDYLRUDW LQLWLDOFRQFHQWUDWLRQV
DERYHPJ/DQGYDULRXVS+LQWKHDEVHQFHRIK\GURO\VLVVKRXOGEHLQYHVWLJDWHGLQ
PRUHGHWDLO

7DEOH3DUDPHWHUVRIWKH/DQJPXLUDQG)UHXQGOLFKLVRWKHUPVRI6U
DEVRUSWLRQRQ$OJDFLGDQG$OJ&DILEHUV
,VRWKHUP 3DUDPHWHUV $OJDFLG $OJ&D
/DQJPXLU
K/PJ  
qmPJJ  
R  
)UHXQGOLFK
K)  
n  
R  
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4.3.6 Thermodynamic analysis 
 6LQFH WKH DGVRUSWLRQ SHUFHQWDJHV GHFUHDVHGZLWK WKH DGVRUSWLRQ WHPSHUDWXUH
IRU ERWK ILEHUV )LJXUH  SK\VLFDO 6U DGVRUSWLRQ ZDV VXJJHVWHG WR RFFXU RYHU
WKHVH ILEHUV )LJXUH  VKRZV WKH GLVWULEXWLRQ FRHIILFLHQW REWDLQHG IURP WKH
DGVRUSWLRQGDWDLHORJDULWKPYHUVXVLQYHUVHRIWHPSHUDWXUHDQGWKHWKHUPRG\QDPLF
SDUDPHWHUVDUHVKRZQLQ7DEOH7KHDGVRUSWLRQSURFHVVZDVDQH[RWKHUPLFUHDFWLRQ
LHǻH°ZDVQHJDWLYHZKHQXVLQJWKH$OJDFLGILEHU7KLVEHKDYLRUFDQEHH[SODLQHG
E\ WKH LRQLF FURVVOLQNLQJ UHDFWLRQ RI WKH FDUER[\O JURXSV RI $OJDFLG
&22ٓĺ&226U22&ZKLFKEHFDPHVWDEOHE\HOHFWURVWDWLF LQWHUDFWLRQ ,Q WKHFDVH
RIWKH$OJ&DILEHUWKHDGVRUSWLRQZDVDOVRDQH[RWKHUPLFUHDFWLRQǻH°ZDVQHJDWLYH
DQG WKLV PD\ EH SURGXFHG E\ WKH DGVRUSWLRQ RI 6U YLD DQ LRQ H[FKDQJH UHDFWLRQ
&22&D22& ĺ &226U22& 7KHVH UHVXOWV ZHUH QRW LQ JRRG DJUHHPHQW ZLWK
WKRVHREWDLQHGZLWKHLWKHUJUDSKHQHR[LGHPDJQHWLF>@RU1DPRQWPRULOORQLWH>@6U
DEVRUEHQWV,QWKHVHZRUNV6UDGVRUSWLRQZDVHQGRWKHUPLFDQG6UPLJKWUHTXLUHWR
EH GHVWUXFWHG EHIRUH EHLQJ DGVRUEHG RQ WKHVH PDWHULDOV +RZHYHU KLJK HQHUJ\ LV
UHTXLUHG WRGHVWUXFW6U >@ ,QDGGLWLRQ VLQFH WKHǻH°YDOXHVRIERWK$OJDFLGDQG
$OJ&D ILEHUV DUHEHORZN-PRO LW FDQEHFRQFOXGHG WKDW WKHDGVRUSWLRQSURFHVVHV
ZHUHSK\VLFDO1HJDWLYHǻS°ZDVREWDLQHGIRUWKH$OJDFLGILEHUEHFDXVHWKHGHJUHHRI
IUHHGRPRIWKHPROHFXODUFKDLQVLQ$OJDFLGGHFUHDVHGDVDUHVXOWRIDFLGFURVVOLQNLQJ
E\6U ,QFRQWUDVWǻS° IRU WKH$OJ&DILEHUZDVSRVLWLYH WKHUHE\LQGLFDWLQJ WKDW WKH
LRQLF FURVVOLQNLQJ RI $OJ&D E\ 6U LQFUHDVHG WKH GHJUHH RI IUHHGRP RI WKH $OJ
PROHFXODUFKDLQV7KLVSRVLWLYHǻS°YDOXH LV LQGLFDWLYH WKDW WKH$OJDFLG ILEHUDWWUDFWV
6ULQDTXHRXVVROXWLRQUHVXOWLQJLQVRPHVWUXFWXUDOFKDQJHVLQWKH$OJDFLGILEHU>@
)XUWKHUPRUH WKH ǻG° RI ERWK ILEHUV ZHUH QHJDWLYH WKHUHE\ UHYHDOLQJ VSRQWDQHRXV
DGVRUSWLRQ SURFHVVHV ǻG° UDQJLQJ IURP í WR  N-PRO LV LQGLFDWLYH RI SK\VLFDO
DGVRUSWLRQZKHUHDVǻG°YDOXHVUDQJLQJIURPíWRíN-PRODUHFKDUDFWHULVWLFVRI
FKHPLVRUSWLRQSURFHVVHV,QWKLVZRUN6UDGVRUSWLRQRQERWKWKH$OJDFLGDQG$OJ&D
ILEHUVZDVGLIILFXOWLHSK\VLFDODGVRUSWLRQ
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)LJXUH6UDGVRUSWLRQUDWHVRQ$OJDFLGDQG$OJ&DILEHUV 
DWYDULRXVDGVRUSWLRQWHPSHUDWXUHV


)LJXUHOQKGYHUVXVWKHLQYHUVHRIWKHWHPSHUDWXUH
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4.3.7 Sr2+ adsorption over Alg fibers in the presence of additional ions 
$V VKRZQ LQ)LJXUH WKH GLDPHWHU RI WKH$OJDFLG ILEHU DIWHUZDWHU VZHOOLQJ
LQFUHDVHG IURPȝP WR  ȝP DQG WKH ILEHUZDV FUDFNHG DV D UHVXOW+RZHYHU WKH
FRPELQDWLRQRIWKH$OJDFLGILEHUQHLWKHUWKHVXUIDFHQRUWKHFURVVVHFWLRQZDVREVHUYHG
DIWHUDGVRUSWLRQ7KHUHIRUH LW LVFRQVLGHUHG WKDW WKH$OJDFLGILEHUZDVVXUIDFHPD\EH
GLVVROYHG XSRQ ORQJWLPH VKDNLQJ LQ ZDWHU )LJXUH  VKRZV 6U DGVRUSWLRQ
SHUFHQWDJHVDWHTXLOLEULXPRQILEHUVLQWKHSUHVHQFHRIDGGLWLRQDOLRQVLH&D1D
DQG PL[WXUHV RI ERWK :KHQ 6U ZDV DGVRUEHG LQ WKH SUHVHQFH RI RWKHUV LRQV WKH
DGVRUSWLRQFDSDFLW\RQ WKH$OJ&D ILEHU ,JUDGH VROXWLRQ VOLJKWO\GHFUHDVHGDV
FRPSDUHGWR WKH$OJDFLGILEHUZKLFKDUH WKHVLPLODU ILQGLQJRI+RQJet al >@7KH
KLJKHUHJJER[VWUXFWXUHRIWKH$OJ&DILEHUDVFRPSDUHGWR$OJDFLGWRJHWKHUZLWKWKH
LRQH[FKDQJHRI6UZLWK&D OHDGLQJ WRDKLJKHUVHOHFWLYLW\ WRZDUG6UDGVRUSWLRQ
7KHVH UHVXOWV FRXOG EH H[SODLQHG E\ WKHPHFKDQLVP RI 6U DGVRUSWLRQ XVLQJ$OJ&D
ILEHUV ZKLFK LQYROYHV D KLJKHU ELQGLQJ FRQVWDQW K EHWZHHQ 6U DQG $OJ 
P0 WKDQ WKDW RI &D DQG$OJ P0 >@ 7KLV ILQGLQJ FRXOG EH DSSOLHG WR
RWKHUPHWDOOLF DGVRUSWLRQ V\VWHPV IRU H[DPSOH WKHPHFKDQLVPRI DGVRUSWLRQ RI 3E
XVLQJ $OJ&D ILEHUV ZLOO EH VLPLODU WR WKDW RI 6U DQG $OJ&D EHFDXVH WKH ELQGLQJ
FRQVWDQW RI 3E DQG $OJ LV P0 ZKLFK LV KLJKHU WKDQ WKDW RI &DDQG $OJ
&RQVLGHULQJWKHVHUHVXOWVWKH$OJ&DILEHUVREWDLQHGIURP,JUDGHFDQEHXVHGIRU
DGVRUELQJ6UIURPDSUDFWLFDOSRLQWRIYLHZHVSHFLDOO\IURPVHDZDWHU
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)LJ6(0PLFURJUDSKVDIWHUVZHOOLQJRI$OJDFLGREWDLQHGIURPRI,JUDGH 
DLQZDWHUîELQZDWHUî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F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FURVVVHFWLRQî 
GLQVLPXODWHGVHDZDWHUîH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î 
JLQVLPXODWHGVHDZDWHUFURVVVHFWLRQî
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)LJ$GVRUSWLRQUDWHVRQWKH$OJDFLGDQG$OJ&DILEHUVDWYDULRXVLQLWLDO6U
FRQFHQWUDWLRQVDWHTXLOLEULXPLQWKHSUHVHQFHRIFRH[LVWLQJLRQV
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ILOP IRUPV EXW 72&1 FDQ EH DOVR FRDWHG RQ WKH ILEHU VXUIDFH RI SRO\PHUV &RDWLQJ
72&1 RQ SRO\YLQ\O DOFRKRO 39$ GUDZQ ILEHU FDQ LPSURYH WHQVLOH PRGXOXV
GUDPDWLFDOO\FRPSDUHG WRDFRPPHUFLDO39$GUDZQILEHU >@2QHRI WKH LQWHUHVWLQJ
DSSOLFDWLRQV E\ XVLQJ SRO\PHU72&1 FRPSRVLWH DV D SURWHLQ DGVRUEHQW &HOOXORVH
WULDFHWDWH &7$ PRGLILHG ZLWK 72&1 FDQ XVHG DV XOWUDILOWUDWLRQ PHPEUDQH 7R
LQYHVWLJDWH SURWHLQ UHMHFWLRQ VHYHUDO W\SHV RI SURWHLQV WU\SVLQ  N'D SHSVLQ 
N'DDOEXPLQHJJ($N'DDQG%6$N'DZHUHFKRVHQZKLFKKDYHGLIIHUHQW
VL]HV RIPROHFXOH DV WKH UHSUHVHQWDWLYH RI GLIIHUHQW VL]HV RI SDUWLFOHV +RZHYHU RQO\
VL]HV RI SURWHLQ PROHFXOHV ZHUH FRQVLGHUHG LQ WHUP RI PROHFXODU ZHLJKW FXW RII
0:&2ZKLOHWKHDWWUDFWLRQDQGVXUIDFHFKDUJHVEHWZHHQ72&1DQGSURWHLQZHUHQRW
DGGUHVVHG>@7KHUHIRUHWKHHIIHFWRIVXUIDFHFKDUJHVRIGLIIHUHQWW\SHVRISURWHLQVRQ
DGVRUSWLRQDELOLWLHVXVLQJ72&1SRO\PHUFRPSRVLWHVKRXOGEHVWXGLHG    
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
$PPRQLDVSUHDGLQJLQWRWKHHQYLURQPHQWDIIHFWWRKXPDQKHDOWK,WLVFRQWDLQHG
LQ FLJDUHWWH VPRNH DQG LW LV UHOHDVHG IURP FHPHQW PDQXIDFWXULQJ >@ 0DQ\
PDWHULDOV FDQ DGVRUE DPPRQLD VXFK DV FRDO DVKHV FDUER[\PHWK\O
VWDUFKJSRO\YLQ\OS\UROLGRQHVFDUERQVLOLFDFRPSRVLWH)HQDQRSDUWLFOHV>@6LQFH
DPPRQLDFDQSURWRQDWH+LQZDWHULWLVSRVVLEOHWRXVH72&1ZKLFKLVQHJDWLYHFKDUJH
RQWKHLUVXUIDFHWRDGVRUEDPPRQLDLQZDWHU
 ,Q WKLVZRUN WKH&76ILEHUFRDWHGZLWK72&172&1&76ILEHUE\XVLQJ
:HW 6SLQQLQJ 7HFKQLTXH ZDV SUHSDUHG VXFFHVVIXOO\ IRU WKH ILUVW WLPH &RPPHUFLDO
72&1 5KHRFU\VWD REWDLQHG IURP'.6 &R /WG ZDV XVHG LQ WKLV H[SHULPHQW 7R
XQGHUVWDQG WKH DWWUDFWLRQ RI SURWHLQ DQG 72&1 WKH WKUHH W\SHV RI SURWHLQZKLFK DUH
%6$QHJDWLYH FKDUJH&\WRFKURPH& &\W& ]HUR FKDUJH/\VR]\PH /=SRVLWLYH
FKDUJH ZHUH FKRVHQ DV WKH SURWHLQ PRGHOV ,Q DGGLWLRQ DPPRQLD LQ ZDWHU SRVLWLYH
FKDUJHE\XVLQJ72&1&76ILEHUZDVDOVRLQYHVWLJDWHGDQGUHSRUWHGKHUH

([SHULPHQWDO
5.2.1 Materials 
&KLWRVDQ&76JUDGH)/'$&P3DāVZDVVXSSOLHGIURP.R\R
&KHPLFDO &R /WG -DSDQ 5KHRFU\VWD 7(032 R[LGL]HG FHOOXORVH QDQRILEHUV
72&1REWDLQHGIURP'.6&R/WG-DSDQ$FHWLFDFLG6RGLXP+\GUR[LGH
DQGPHWKDQRO 0H2+RIDQDO\WLFDOJUDGHZHUHSXUFKDVHGIURP:DNR3XUH&KHPLFDO
,QGXVWULHV/WG-DSDQ 

5.2.2 Preparation of CTS and TOCN/CTS fibers  
)LUVWDFHWLFDFLGJZDVDGGHGWRGLVWLOOHGZDWHUJWRJHWDFHWLF
DFLGVROXWLRQ$IWHUWKDW&76SRZGHUJZDVDGGHGLQWRDFHWLFDFLGVROXWLRQDQG
VXEVHTXHQWO\PL[HGXQWLO WKHGURSVROXWLRQZDVKRPRJHQHRXV WRJHW WKH&76VROXWLRQ
ZLWKWKHFRQFHQWUDWLRQRI6XEVHTXHQWO\WKH&76GURSVROXWLRQZDVGHIRDPHGXQWLO
WKHDLUEXEEOHVZHUHFRPSOHWHO\JRQH7KHGRSHVROXWLRQVZHUHVXEVHTXHQWO\VSXQWRJHW
WKH&76ILEHUE\DZHWVSLQQLQJWHFKQLTXH7KH1D2+VROXWLRQZDVXVHGDVFRDJXODQW
IRU&76ILEHUSURGXFWLRQZKLOH1D2+WRJHWKHUZLWK72&1ZDVXVHGDVFRDJXODQWIRU
72&1&76ILEHUSURGXFWLRQ7KHZHWVSLQQLQJFRQGLWLRQVDUHVKRZQLQ)LJXUH,Q
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
WKLV UHVHDUFK WKH1D2+ FRQFHQWUDWLRQV IRU 72&1&76 ILEHU SURGXFWLRQZHUH YDULHG
IURP  WR  ZKHUHDV WKH 72&1 FRQFHQWUDWLRQV ZHUH YDULHG IURP  WR  
$IWHU VSLQQLQJ WKH ILEHUV ZHUH QHXWUDOL]HG E\ ZDVKHG ZLWK 0H2+ IRU  WLPHV DQG
ILQDOO\GULHGDWURRPWHPSHUDWXUH 


)LJXUH:HWVSLQQLQJDSSDUDWXVDQGWKHVSLQQLQJFRQGLWLRQV

5.2.3 Determination of water content in CTS and TOCN/CTS fibers 
,Q RUGHU WR GHWHUPLQH DPRXQW RI ZDWHU LQ &76 DQG 72&1&76 ILEHUV 7*$
DQDO\VLV 7KHUPRJUDYLPHWU\ IURP 6HLNR ,QVWUXPHQWV ,QF (;67$5  7*'7$
ZDVXVHG)LUVWO\±PJRIVDPSOHZDVSODFHGLQDQDOXPLQXPSDQDQGKHDWHGDWWKH
UDWHRIR&PLQXQGHUWKHDPELHQW WHPSHUDWXUHWRR&ZLWKFRQWLQXRXV1IORZRI
POPLQ 

5.2.4 The tensile properties Determination of CTS and TOCN/CTS fibers  
7KH WHQVLOH VWUHQJWK RI GULHG &76 DQG 72&1&76 ILEHUV ZDV WHVWHG XVLQJ D
8QLYHUVDO7HVWLQJ0DFKLQH6KLPDG]X$*;SOXV-DSDQ7KHLQLWLDOVDPSOHOHQJWKZDV
PP DQG WKH VWUHWFKLQJ UDWHZDVPPāPLQí7KH VWUHVV DW EUHDNLQJSRLQWZDV
PHDVXUHGDVWHQVLOHVWUHQJWK7KHDYHUDJHYDOXHVUHSRUWHGKHUHZHUHREWDLQHGIURP
VDPSOHVRIHDFKILEHUW\SH


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5.2.5 Morphology of CTS and TOCN/CTS fibers  
7KHPRUSKRORJLHVRIGULHG&76DQG72&1&76ILEHUVZHUHREVHUYHGVFDQQLQJ
HOHFWURQPLFURVFRSH6(0-(2/-60)-DSDQ(DFKVDPSOHZDVYDFXXPGULHG
DWURRPWHPSHUDWXUHDQGFRDWHGZLWKSODWLQXPIRUVHFRQGVEHIRUHREVHUYDWLRQ

5.2.6 Swelling tests 
7KH VDPSOHV ZHUH YDFXXP GULHG DW & IRU  K ZHLJKWHG DQG ILQDOO\
LPPHUVHG LQ GLVWLOOHG ZDWHU DW URRP WHPSHUDWXUH IRU  K 7KH VDPSOHV ZHUH
VXEVHTXHQWO\ UHPRYHG IURP GLVWLOOHG ZDWHU DQG WKH H[FHVV ZDWHU ZDV UHPRYHG 7KH
ZHLJKWRIWKHILEHULQLWVVZROOHQVWDWHZDVPHDVXUHGXVLQJDEDODQFHZLWKIRXUGHFLPDO
SODFHV7KHVZHOOLQJUDWLRZDVGHWHUPLQHGXVLQJ(TXDWLRQ

6ZHOOLQJUDWLR WVíWLWLu                  

ZKHUHWL J DQGWV J DUH WKH LQLWLDO ZHLJKW DQG WKH ZHLJKW DW WKH VZROOHQ VWDWH
UHVSHFWLYHO\

5.2.7 Measurement of Zeta Potential (ZP) of fiber surfaces 
,Q WKLV ZRUN SRO\VW\UHQH ODWH[ SDUWLFOH VL]H DERXW  QP ZLWK
K\GUR[\SURS\OFHOOXORVH 0Z    ZDV XVHG DV VWDQGDUGPRQLWRULQJ SDUWLFOHV WR
UHGXFHWKH]HWDSRWHQWLDOWRQHDUO\]HUR:DWHUZDVXVHGDVVROYHQWIRUPRQLWRUVROXWLRQ
7KHPHDVXUHPHQW WHPSHUDWXUHZDV R&ZKHUHDV WKH UHIUDFWLYH LQGH[ RI VROYHQWZDV
9LVFRVLW\ RIPRQLWRU VROXWLRQZDV  F3ZKLOH WKH GLHOHFWULF FRQVWDQW RI
VROYHQW ZDV  =HWDSRWHQWLDO DQG 3DUWLFOH VL]H DQDO\]HU 2768.$ (OHFWURQLFV
&R/WG(/6=ZDVXVHGIRU=HWD3RWHQWLDORIILEHUVXUIDFHPHDVXUHPHQW
 )RUWKHVDPSOHSUHSDUDWLRQRIPHDVXUHPHQWRI=3RIILEHUVXUIDFHVWKHVSXQ
&76 ILEHUV DQG 72&1&76 ILEHUVZHUHZDVKHGZLWK WZRPHWKRGV )LUVWO\ WKH
VSXQ ILEHUV ZHUH ZDVKHG ZLWK RQO\ PHWKDQRO IRU  WLPHV LQ RUGHU WR QHXWUDOL]H
6HFRQGO\ WKH VSXQ ILEHUV ZHUH ZDVKHG ZLWK RQO\ PHWKDQRO IRU  WLPHV IROORZHG E\
ZDVKLQJZLWKWKHSXUHZDWHULQRUGHUWRUHPRYHVRPHVDOWIURPWKHILEHUVZLWKYDULRXV
UDWLRV RIPL[WXUH EHWZHHQ0H2+DQGZDWHU$IWHU WKDW WKH ILEHUVZHUHZDVKHG DJDLQ
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
ZLWK SXUHPHWKDQRO WZLFH DQGZHUH WKHQ GULHG DW URRP WHPSHUDWXUH 7KH GULHG ILEHUV
ZHUHNQRWWHGWREHVLQJOHOLQHNQRWWHGILEHUDVVKRZQLQ)LJXUHEHIRUHPHDVXULQJ
$IWHU WKDW WKHVDPSOHZDVSXW LQWR WKHVROLGVDPSOHFHOOXQLW7KHYDOXH UHSRUWHGKHUH
REWDLQHGIURPWKHDYHUDJHRIWKUHHYDOXHV


)LJXUH7KHVLQJOHOLQHNQRWWHGILEHUIRUVXUIDFH=3PHDVXUHPHQW

5.2.8 Ammonia adsorption test 
7KHGULHGILEHUVDPSOHPJZDVVRDNHGLQWRP/RIZDWHUFRQWDPLQDWHG
$PPRQLDPJP/S+$IWHUWKDWLWZDVVKDNHQDWR&ZLWKWKHVKDNLQJEDWK
VSHHG RI  USP IRU  PLQ 7KH LQLWLDO DQG UHPDLQHG DPPRQLD FRQWHQW LQ
FRQWDPLQDWHG ZDWHU ZDVPHDVXUHG E\ XVLQJ D ZHDN EDVH ZLWK D VWURQJ DFLG WLWUDWLRQ
PHWKRG,QWKLVZRUN0+&OZDVXVHGDVDVWURQJDFLG7KHYDOXHUHSRUWHGKHUHLV
WKHDYHUDJHYDOXHREWDLQHGIURPWKUHHWLPHVRIWLWUDWLRQ

5.2.9 Protein adsorption test 
,QWKLVZRUNO\VR]\PH/]&\WRFKURPH&&\W&DQG%RYLQH6HUXP$OEXPLQ
%6$ZHUHFKRVHQDVWKHPRGHOSURWHLQV)RUDGVRUSWLRQWHVWPJYDULRXVW\SHVRI
ILEHUVZHUHDGGHGLQP/SURWHLQVROXWLRQDQGZDVVKDNHQDWUSPR&IRU
PLQ 7KH DPRXQW RI UHPDLQHG SURWHLQ LQ WKH VROXWLRQ ZDV GHWHUPLQHG E\ 89YLV
VSHFWURVFRS\+LWDFKL8-DSDQZLWKVFDQQLQJZDYHOHQJWKUDQJHGIURP±
QP±QPDQG±QPIRU/]&\W&DQG%6$UHVSHFWLYHO\

7KHDPRXQWRISURWHLQZDVGHWHUPLQHGXVLQJ89YLV6SHFWURSKRWRPHWHU 

3URWHLQDGVRUSWLRQSHUFHQWDJH (C0 í Ce)/ Ce x 100     

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
ZKHUHC0 J DQGCe J DUH WKH SURWHLQ FRQFHQWUDWLRQ PJ/ DW LQLWLDO VWDJH DQG WKH
HTXLOLEULXPUHVSHFWLYHO\

7KHDGVRUSWLRQFDSDFLWLHVPJJLVGHILQHGE\(TXDWLRQDQG(TXDWLRQ
UHVSHFWLYHO\ 

q C íCtuVw         

ZKHUHCLVWKHUHPDLQLQJSURWHLQFRQFHQWUDWLRQPJ/V P/LVWKHYROXPHRIWKH
VROXWLRQDQGwJLVWKHPDVVRIILEHU

5.2.10 A feasibility study of preparation of interlacing CTS and 
TOCN/CTS fibers. 
,QWHUODFHGILEHUVZHUHSUHSDUHGE\XVLQJOLQHVRIHLWKHU&76RU72&1&76
ILEHUVIURPEREELQV6îWRVKRZWKHDELOLW\WRVFDOHXSSURGXFWLRQRIWKHVH
PDWHULDOV LQ IXWXUH 7KHVH ILEHUV ZHUH PDQXIDFWXUHG E\ DQ LQWHUODFHG PDFKLQH IURP
.RNXEXQ /WG -DSDQ 7KH LQWHUODFLQJ FRQGLWLRQV ZHUH VLPLODU WR SURGXFLQJ RI
.)H&76UD\RQ ILEHU >@ZKLFKZHUH VHWDW DQ LQWHUODFLQJVSHHGRI± USP
DQGDJHDUUDWLRRIGHOLYHU\VLGHWRNQLWVLGHRIWR 

 
)LJXUH7KHGHPRQVWUDWLRQRIKRZWRSURGXFHLQWHUODFHGILEHUXVLQJOLQHV
6î
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5HVXOWVDQG'LVFXVVLRQ
5.3.1 Effect of different coagulants on fiber production and their tensile 
properties and water contents 
,Q WKLV ZRUN WKH HIIHFW RI 72&1 FRQFHQWUDWLRQV DQG WKH HIIHFW RI 1D2+
FRQFHQWUDWLRQVDVFRDJXODQWRQWHQVLOHSURSHUWLHVRIREWDLQHGILEHUVZHUHLQYHVWLJDWHG
)LUVWO\ WKH HIIHFW RI 72&1 FRQFHQWUDWLRQ RQ ILEHU SURGXFWLRQZDV H[SUHVVHG
)RUWKHPD[LPXP72&1LQFRDJXODWHGEDWKLWZDVIRXQGWKDWWKHPD[LPXP72&1
LQ WKH FRDJXODWLRQ EDWK ZDV  )RU XVLQJ 72&1 FRQFHQWUDWLRQV UDQJLQJ IURP
WKHFRDJXODWLRQRI72&1GXULQJWKHSURGXFWLRQRIILEHUZDVREVHUYHG
7KHVH UHVXOWVZHUH FRUUHVSRQGHG WR WKHLU WHQVLOH SURSHUWLHV )LJXUH  7KH WHQVLOH
VWUHQJWK ZDV LQFUHDVHG ZLWK LQFUHDVLQJ 72&1 FRQF DQG LW UHDFKPD[LPXP YDOXH DW
72&1FRQFHQWUDWLRQRIEH\RQG WKDWFRQFHQWUDWLRQ WKHVWUHQJWKZDVGHFUHDVHG
ZLWK72&1FRQFHQWUDWLRQ7KHSHUFHQWDJHRIHORQJDWLRQDWEUHDN(/RI72&1&76
ILEHUVZHUH ORZHU WKDQ WKDW RI&76 ILEHU+RZHYHUZKHQ72&1 FRQFHQWUDWLRQZHUH
KLJKHU WKDQ (/ZDV LQFUHDVHG ZLWK LQFUHDVLQJ 72&1 FRQFHQWUDWLRQ 7KHVH
ORZHU(/RI72&1FRQFHQWUDWLRQGXHWRWKHKLJKHUVWUHQJWKRIILEHUOHDGLQJWRORZHU
IOH[LELOLW\RIILEHU7KHLPSURYLQJRIWHQVLOHVWUHQJWKWR&76ILEHUE\72&1ZDVVLPLODU
WRWKHLPSURYLQJRIWHQVLOHVWUHQJWKWR39$GUDZQILEHUE\72&1>@
 )RUWKHHIIHFWRI1D2+FRQFHQWUDWLRQDVFRDJXODQWWKHPL[WXUHRI72&1DQG
1D2+ ZHUH SUHSDUHG E\ IL[LQJ WKH 72&1 FRQFHQWUDWLRQ RI  DQG YDU\LQJ WKH
1D2+ FRQFHQWUDWLRQ WR EH    DQG  7KH UHVXOWV UHYHDOHG WKDW XVLQJ 1D2+
FRQFHQWUDWLRQ RI  SURYLGHG WKH KLJKHVW WHQVLOH VWUHQJWK RI WKH REWDLQHG ILEHUV )RU
1D2+FRQFHQWUDWLRQVRI DQG WKH WHQVLOH VWUHQJWKV WHQG WRGHFUHDVHEHFDXVH WKH
72&1ZLOOEHVHOIDJJUHJDWLRQLQVWURQJEDVLFVROXWLRQ 
 )RUWKHZDWHUFRQWHQWVRI&76ILEHUDQG72&1&76ILEHUVLWZDVIRXQGWKDW
ZDWHU FRQWHQW LQ&76ZDV ZKLOHZDWHU FRQWHQWV LQ72&1&76 ILEHUV UDQJHG
IURPZLWKYDULRXV72&1FRQFHQWUDWLRQ+RZHYHUWKHZDWHUFRQWHQWLQ
72&1&76ILEHUVGLGQRWVKRZDQ\FOHDUWUHQGZLWKWKH72&1FRQFHQWUDWLRQV


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)LJXUH7KHHIIHFWRI72&1FRQFHQWUDWLRQRQWKHLUWHQVLOHSURSHUWLHVDWHQVLOH
VWUHQJWKEHORQJDWLRQDWEUHDN

5.3.2 Morphology and results of swelling test of CTS and TOCN/CTS 
fibers with various TOCN contents. 
6(0 PLFURJUDSKV RI 72&1&76 ILEHUV ZLWK YDULRXV 72&1 FRQWHQWV EHIRUH
VRDNLQJ DIWHU VRDNLQJ LQZDWHU IRU  K DQG VRDNLQJ LQ 3%6 VROXWLRQ IRU  KZHUH
VKRZQ LQ )LJXUH  ZKLOH WKH VZHOOLQJ WHVW UHVXOWV ZKHQ XVLQJ GLIIHUHQW 72&1
FRQFHQWUDWLRQVZHUHVKRZQLQ)LJXUH 

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$VFDQEHVHHQWKHPRUSKRORJLHVRI&76ILEHUEHIRUHVRDNLQJHLWKHULQZDWHURU
3%6VROXWLRQS+ ZDVTXLWHVPRRWK:KHQXVLQJ1D2+WRJHWKHUZLWK
DQG72&1DVFRDJXODWLRQVROXWLRQWKHVXUIDFHVRIREWDLQHGILEHUVZHUHURXJKHU
WKDQ&76ZKLOH XVLQJ1D2+ WRJHWKHUZLWK72&1 WKH VXUIDFHRI REWDLQHG
ILEHUZDVWKHVPRRWKHVW7KLVVPRRWKHVWVXUIDFHRI72&1&76ILEHUVPD\EHEHFDXVH
DWWKLV72&1FRQFHQWUDWLRQWKH72&1FDQFRPSOHWHO\FRDWHGRQWKH&76ILEHU$IWHU
VRDNLQJLQZDWHULWZDVIRXQGWKDWWKHVXUIDFHVRIDOOVDPSOHVZHUHGDPDJHGHVSHFLDOO\
 72&1&76 ILEHUV ,W LV SRVVLEOH WKDW WKH HOHFWURVWDWLF IRUFHV EHWZHHQ 72&1
PROHFXOH DQG &76 PROHFXOH ZDV ZHDN LQ ZDWHU OHDGLQJ WR GHWDFKPHQW RI 72&1
PROHFXOHIURP&76ILEHUVXUIDFH  &RPSDULQJWKHPRUSKRORJLHVRIILEHUVDIWHUVRDNLQJ
LQ3%6VROXWLRQWRLQZDWHUWKHUHVXOWGHPRQVWUDWHGWKDWWKHVXUIDFHRI72&1&76ZHUH
VPRRWKHU WKDQ WKRVH LQZDWHUH[FHSWLQJ WKH&76ILEHUV ,WSUREDEO\RFFXUUHGIURPWKH
VDOWRI3%6VROXWLRQZKLFKPDLQWDLQVWKHHOHFWURVWDWLFIRUFHVEHWZHHQ72&1PROHFXOH
DQG &76PROHFXOH 2Q WKH RWKHU KDQG WKH PRUH GDPDJH RQ &76 ILEHU VXUIDFH ZDV
REVHUYHGDIWHUVRDNLQJLQZDWHUIRUKFRPSDUHGWRWKDWRILQ3%6VROXWLRQ  
 )RU VZHOOLQJ WHVW WKH UHVXOWV H[SUHVVHG WKDW WKH VZHOOLQJ UDWLRV DIWHU DOO
VDPSOHV VRDNHG LQ ZDWHU IRU  K ZHUH LQVLJQLILFDQW GLIIHUHQW ZKLOH WKRVH LQ 3%6
VROXWLRQWHQGHGWRGHFOLQHZLWKKLJKHU72&1FRQFHQWUDWLRQ6RDNLQJLQZDWHUFDVHDV
H[SODLQHGEHIRUH WKDW72&1FRXOGEHGHWDFKHG IURP&76VXUIDFH VRDIWHU VRDNLQJ LQ
ZDWHUIRUORQJWLPHKWKHUHVXOWVRIDOOILEHUVZHUHVLPLODU8QOLNHLQZDWHU72&1
VWLOODWWDFKHVRQ&76ILEHUVXUIDFH%HVLGHVWKHVDOWLQ3%6VROXWLRQPD\EHLPSURYHWKH
HOHFWURVWDWLFIRUFHEHWZHHQ72&1DQG&76PROHFXOHDIIHFWLQJWRUHGXFLQJRIVZHOOLQJ
UDWLRRIKLJKHU72&1FRQFHQWUDWLRQ   

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)LJXUH6(0PLFURJUDSKVRI72&1&76ILEHUVîZLWKYDULRXV72&1
FRQWHQWVDGEHIRUHVRDNLQJDEFGHK
DIWHUVRDNLQJLQZDWHUIRUKHIJKLODIWHU
VRDNLQJLQ3%6VROXWLRQIRUKLMNO

)LJXUH6ZHOOLQJWHVWUHVXOWVZKHQXVLQJGLIIHUHQW72&1FRQFHQWUDWLRQV
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5.3.3 Results of Zeta Potential (ZP) of fiber surfaces 
)RUWKLVH[SHULPHQWWKH&76ILEHUVZHUHZDVKHGZLWKRQO\PHWKDQRODQGZHUH
WKHQGULHGDWURRPWHPSHUDWXUH,QRUGHUWRLQYHVWLJDWHWKHHIIHFWRIVDPSOHWKLFNQHVVRQ
VXUIDFH=3YDOXHWKHVDPSOHZLWKNQRWWHGWREHDVLQJOHOLQHNQRWWHGILEHUZLWKGLIIHUHQW
WKLFNQHVVHV,WZDVIRXQGWKDWWKDWWKHVXUIDFH=3SURILOHVRIVWDQGDUGPRQLWRUVROXWLRQ
DQG WKDW RI&76 ILEHUVZLWK WKLQ VLQJOHOLQHNQRWWHG ILEHUV JDYH WKH FXUYHOLNH VKDSHV
ZKHUHDV&76 VDPSOHZLWK WKLFN VLQJOHOLQHNQRWWHG ILEHUVJDYH D VWUDLJKWOLQHSURILOH
7KH FXUYHOLNH SURILOH LV WKH JHQHUDO SURILOH RI VXUIDFH =3 )RU KLJK WKLFNQHVV RI
VLQJOHOLQHNQRWWHGILEHUWKHPRQLWRUVROXWLRQFRXOGQRWIORZHIIHFWLYHO\OHDGLQJWRWKH
HUURU UHVXOWV ,Q FDQ FRQFOXGHG WKDW WKH WKLFNQHVV RI VLQJOHOLQHNQRWWHG ILEHU DIIHFWV
VXUIDFH=3VLJQLILFDQWO\
,QWKHZRUNWKHILEHUVZDVKHGE\RQO\PHWKDQROZDVPHDVXUHGIRU=3RIILEHU
VXUIDFHV8QIRUWXQDWHO\VLQFHVRPHVDOWUHPDLQHGLQWKHILEHUVDPSOHVWKHREWDLQHG=3
YDOXHIURPWKRVHILEHUVZHUHLQFRUUHFW7KHUHIRUHWKHZDVKLQJRIILEHUZLWKSXUHZDWHU
ZDVQHFHVVDU\7KH VXUIDFH=3SURILOHVRI DOO VDPSOHVJDYH WKHFXUYHOLNH VKDSHV$V
H[SHFWHGWKHDYHUDJHVXUIDFH=3YDOXHRI&76ILEHUZDVP9ZKLOHWKHDYHUDJH
VXUIDFH=3YDOXHRI72&1&76ILEHUZDVDURXQG P9)LJXUH6LQFH
WKH&76 FDQ SURWRQDWH FDWLRQ SRVLWLYH FKDUJH RI 1+  IURP1+ LQ&76PROHFXOH
)LJXUH  ZKLOH 72&1 KDV FDUER[\ODWH IXQFWLRQDO JURXS QHJDWLYH FKDUJH LQ LWV
PROHFXOH >@%HVLGHV WKHVXUIDFH=3YDOXHRI72&1&76ILEHUDWEHJLQQLQJ
PLGGOHDQGILQDOVWDJHRIVSLQQLQJSURGXFWLRQZHUHGHWHUPLQHG7KHUHVXOWVUHYHDOWKDW
WKHVXUIDFH=3YDOXHVRIHYHU\VWDJHZHUHVLPLODULPSO\LQJWKDWWKH72&1FRQFHQWUDWLRQ
RI  LQ 1D2+ VROXWLRQ ZDV HQRXJK WR SURGXFH WKH VDPH TXDOLW\ RI
72&1&76ILEHUV,QDGGLWLRQLQWKLVZRUN72&1ILOPZDVFDVWHGDQGDOVRZDV
PHDVXUHG DQG LW ZDV IRXQG WKDW WKH =3 YDOXH RI ILOP VXUIDFH ZDV DERXW P9
8QIRUWXQDWHO\ LWZDVVHHQE\QDNHGH\HV WKDW WKHPDWHULDOZDVVZROOHQ LQPRQLWRULQJ
VROXWLRQ7KHUHIRUHWKLVWKH=3YDOXHRI72&1ILOPVXUIDFHVHHPHGWREHLQFRUUHFW 
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5.3.4 Ammonia adsorption test 
$PPRQLD DGVRUSWLRQ UHVXOWV ZHUH VKRZQ LQ )LJXUH  ,W ZDV IRXQG WKDW
KLJKHU DEVRUSWLRQ 1+ ZDV REVHUYHG ZLWK WKH KLJKHU FRQFHQWUDWLRQ RI 72&1 LQ
FRDJXODWLRQ VROXWLRQ SUHVXPDEO\ EHFDXVH RI KLJKHU H[LVWHQFH RI 72&1 LQ WKH ILEHU
VXUIDFH 6LQFH WKH FKDUJHV RQ 72&1 DUH QHJDWLYH KLJKHU QHJDWLYH FKDUJHV RQ
72&1&76 FRXOG UHDFW ZLWK KLJKHU 1+ OHDGLQJ WR KLJKHU 1+ DGVRUSWLRQ
SHUFHQWDJH ,Q DGGLWLRQ WKH UHVXOWV RI DPPRQLD DGVRUSWLRQ SHUFHQWDJHV VKRZ D WUHQG
VLPLODU WR WKDWRI VWUHQJWKRI72&1&76 ILEHUVZKLFKZDVPD[LPXPRI 
PJJZKHQXVLQJ1D2+WRJHWKHUZLWK72&1DVWKHFRDJXODWLRQVROXWLRQ 
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)LJXUH$PPRQLDDGVRUSWLRQSHUFHQWDJHVDDQGDPPRQLDDGVRUSWLRQFDSDFLWLHV
ERIYDULRXVW\SHVRIILEHUV 

5.3.5 Protein adsorption test 
,QWKLVZRUNO\VR]\PH/]&\WRFKURPH&&\W&DQG%RYLQH6HUXP$OEXPLQ
%6$ZHUHFKRVHQDVWKHPRGHOSURWHLQV7KHDPRXQWRISURWHLQZDVGHWHUPLQHGXVLQJ
89YLV6SHFWURSKRWRPHWHU7KHSURSHUWLHVRISURWHLQVROXWLRQVHLWKHULQZDWHURULQ3%6
VROXWLRQ ZHUH VKRZQ LQ 7DEOH  7KH UHPDLQHG SURWHLQ FRQWHQW LQ VROXWLRQV DQG
SURWHLQDGVRUSWLRQSHUFHQWDJHVDIWHUDGVRUSWLRQIRUPLQXVLQJGLIIHUHQWW\SHVRIILEHUV
ZHUH VKRZQ LQ7DEOH  DQG )LJXUH  UHVSHFWLYHO\ )RU WKH /] LQ 3%6 VROXWLRQ
DGVRUSWLRQ WHVW LW ZDV IRXQG WKDW WKHUH ZHUH WZR SHDNV REWDLQHG IURP 89YLV
VSHFWURSKRWRPHWHU ,W PD\ EH EHFDXVH /] PROHFXOH ZDV GHQDWXUHG LQ 3%6 VROXWLRQ
OHDGLQJWRWKHFKDQJHRIFKDUJHVRQWKHVXUIDFHRI/]IURPSRVLWLYHFKDUJHWRQHJDWLYH
FKDUJH7DEOH&RQVLGHULQJRI&\W&DQG%6$LQZDWHUWKHFDOLEUDWLRQFRXOGQRW
EH FUHDWHG DFFXUDF\GXH WR WKH VHOIDJJUHJDWLRQRI HLWKHU&\W&RU%6$PROHFXOHV LQ
ZDWHU 


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)RU WKH DGVRUSWLRQ RI /] LQ ZDWHU ,W ZDV IRXQG WKDW ZKHQ WKH 72&1
FRQFHQWUDWLRQZDV LQFUHDVHG WKH/] DGVRUSWLRQ SHUFHQWDJHVZDV LQFUHDVHG7KH/] LQ
ZDWHUZDVSRVLWLYHFKDUJHVRDGVRUSWLRQSHUFHQWDJHVRI72&1&76ILEHUVZKLFK
LVQHJDWLYH FKDUJH FDQ DGVRUE/]ZLWKPD[LPXPYDOXHRI )XUWKHUPRUH XVLQJ
1D2+WRJHWKHUZLWK72&1DVFRDJXODWLRQVROXWLRQ\LHOGHGWKHPD[LPXP/]
DGVRUSWLRQSHUFHQWDJHFRPSDUHGWRWKRVHRIXVLQJDQGRI1D2+VROXWLRQ
:KLFK LV WKH VLPLODU WUHQGRI WKHLU VWUHQJWK2Q WKHRWKHUKDQG%6$ LQ3%6VROXWLRQ
ZDV QHJDWLYH FKDUJHV&76ZKLFK LV FDWLRQLFPDWHULDO SRVLWLYH FKDUJH FDQ DGVRUEHG
%6$ LQ 3%6 VROXWLRQV ZLWK PD[LPXP YDOXHV RI   ,Q DGGLWLRQ WKH %6$
DGVRUSWLRQSHUFHQWDJHZDVGHFUHDVHGZLWKKLJKHU72&1FRQFHQWUDWLRQZKLFKLVGXHWR
WKH KLJKHU QHJDWLYH FKDUJH RQ WKH ILEHU VXUIDFHV&RQVLGHULQJ DGVRUSWLRQ RI&\W& LQ
3%6WKH=3YDOXHRI&\W&LQ3%6VROXWLRQLVPLQXVYDOXHEXWLWLVQHDU]HURWKHUHIRUH
WKH DGVRUSWLRQ SHUFHQWDJHV XVLQJ DOO W\SHV RI ILEHUVZDV DOVR QHDU ]HUR7KHVH UHVXOWV
PD\EHGXHWRWKHFKDUJHRQWKHVXUIDFHHLWKHURI&76DQG72&1&76ILEHUVFRXOGQ¶W
UHDFWZLWKWKH]HURQHWHOHFWULFDOFKDUJHPROHFXOHZHOO%HVLGHVWKHDGVRUSWLRQRI&\W&
LQ3%6VROXWLRQZDVVOLJKWO\GHFUHDVHGZKHQ WKH72&1FRQFHQWUDWLRQZDV LQFUHDVHG
)URP WKHVH UHVXOWV /] DGVRUSWLRQ LQ ZDWHU XVLQJ 72&1&76 ILEHUV VKRXOG EH
LQYHVWLJDWHG LQPRUHGHWDLO VXFKDV WKH LQLWLDO FRQFHQWUDWLRQRI/]S+RI/] VROXWLRQ
DGVRUSWLRQ WHPSHUDWXUH WKHDPRXQWRI ILEHUV DGVRUSWLRQNLQHWLFV DGVRUSWLRQ LVRWKHUP
ZKLFKDUHLPSRUWDQWWRH[SODLQWKHPHFKDQLVPRIILEHULQ/]DGVRUSWLRQ 

7DEOH7KHSURSHUWLHVRISURWHLQVROXWLRQVHLWKHULQZDWHURULQ3%6VROXWLRQ


3URWHLQ
W\SHV 0: 'D
=3P9 0D[LPXP
:DYHOHQJWKQPLQZDWHU LQ3%6VROXWLRQ
/]  S+ S+ 
&\W&  S+ S+ 
%6$  S+ 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 
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5.3.6 Preparation of woven KFe/CTS/rayon fiber by using the interlacing 
machine 
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$FLG$SSOLFDWLRQWRWKH$GVRUSWLRQRI6UZDVH[SUHVVHG7KHDGVRUSWLRQEHKDYLRURI
6URYHUDOJLQDWH$OJILEHUVSUHSDUHGE\ZHWVSLQQLQJZDVSURSRVHG &KDSWHU7KH
SUHSDUDWLRQRIFKLWRVDQILEHUFRDWHGZLWKR[LGL]HGFHOOXORVHQDQRILEHUE\ZHWVSLQQLQJ
WHFKQLTXHDQG WKHLUSURSHUWLHVZLOOEH UHSRUWHG &KDSWHU7KH ILQGLQJ UHVXOWVRI WKH
UHVHDUFKHVZHUHVXPPDUL]HGLQWKLVFKDSWHU

,Q&KDSWHU5D\RQILEHUFRDWHGZLWKFKLWRVDQ&76WKDWFRQWDLQHGLPPRELOL]HG
3UXVVLDQEOXH.)H.)H&76UD\RQZHUHLQYHVWLJDWHGIRUWKHUHPRYDORIFHVLXPLRQ
&VIURPFRQWDPLQDWHGZDWHU7KHXVHRI.,2DWDFRQFHQWUDWLRQRIPJāP/íZLWK
KHDWLQJDW&ZDVWKHRSWLPDOFRQFHQWUDWLRQWR\LHOGWKHKLJKHVW.)HFRQWHQWRQWKH
&76FRDWHG ILEHU ,Q DGGLWLRQ &V ZDV DGVRUEHG IURP WKH ZDWHU E\ WKH .)H RQ WKH
ILEHUVLQDPRODUUDWLRRI&V.)H7KH&VGHVRUSWLRQWHVWVKRZHGWKHSRVVLELOLW\
RI UHXVLQJRI WKHVH ILEHUV)XUWKHUPRUH WKH UHVXOWVRIKRW WHVWVXVLQJ UDGLRDFWLYH&V
VKRZHGWKDWWKHZRYHQ.)H&76UD\RQILEHUVFRXOGDGVRUEXSWR%TāJíIURPDQ
LQLWLDO FRQFHQWUDWLRQ RI %TāNJí )URP WKHVH UHVXOWV LW VKRZV KLJK SRWHQWLDO RI
XVLQJWKHVHILEHUVDVDILOWHUWRUHPRYH&VIURPFRQWDPLQDWHGZDWHU 

,Q&KDSWHU  FKDUDFWHUL]DWLRQ RI3UXVVLDQ EOXHLPPRELOL]HG FKLWLQFRDWHG Q\ORQ
ILEHUV DV DGVRUEHQW IRU FHVLXP LRQV ZDV UHSRUWHG $ 3UXVVLDQ EOXH 3%
.)HLPPRELOL]HG FKLWLQFRDWHG Q\ORQ .)H&7Q\ORQ ILEHU ZDV VXFFHVVIXOO\
V\QWKHVL]HGIRUWKHILUVWWLPH7KHFKDUDFWHULVWLFVRIWKLVILEHUZHUHFRPSDUHGWRWKDWRID
.)HLPPRELOL]HG FKLWRVDQFRDWHG UD\RQ .)H&76UD\RQ ILEHU &KDSWHU  7KH
SURSRVH RI SURGXFLQJ WKH .)H&7Q\ORQ ILEHU LV WR VWXG\ WKH IHDVLELOLW\ RI XVLQJ LW
Chapter 6. Concluding remarks 
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LQVWHDGRI WKH.)H&76UD\RQILEHU WRDGVRUE&VIURPFRQWDPLQDWHGZDWHU6LQFH WKH
&V DGVRUSWLRQ FDSDFLW\ PJJ RI WKH .)H&76UD\RQ ILEHU ZDV DSSUR[LPDWHO\ ILYH
WLPHV KLJKHU WKDQ WKDW RI WKH .)H&7Q\ORQ ILEHU LW FDQ EH FRQFOXGHG WKDW WKH
.)H&76UD\RQ ILEHU LV PRUH VXLWDEOH DV DQ DEVRUEHQW IRU &V UHPRYDO IURP
FRQWDPLQDWHG ZDWHU +RZHYHU WKLV LQYHVWLJDWLRQ GRHV QRW FRQVLGHU DQ\ HFRQRPLF RU
HQYLURQPHQWDOIDFWRUV

,Q FKDSWHU  $OJDFLG DQG $OJ&D ILEHUV E\ XVLQJ  +62 RU  &D&O
VROXWLRQVDVFRDJXODQWV UHVSHFWLYHO\ZHUHSURGXFHGVXFFHVVIXOO\7KH$OJ ILEHUVZHUH
REWDLQHGE\FRDJXODWLRQRI+62 $OJDFLGRU&D&O $OJ&D VROXWLRQV ,Q
DGGLWLRQ IRU WKH 6U DGVRUSWLRQ WHVW WKH$OJDFLG ILEHU REWDLQHG IURP  , JUDGH
UHDFKHG DGVRUSWLRQ HTXLOLEULXP FD  ZLWKLQ  PLQ ZKLOH WKH $OJ&D ILEHU
REWDLQHG IURP,JUDGHVROXWLRQ UHDFKHGDGVRUSWLRQHTXLOLEULXPFDZLWKLQ
PLQ+RZHYHU IRU6U FRH[LVWLQJ FDWLRQV &D1D DQGPL[WXUHV RI WKHP WKH
DGVRUSWLRQ FDSDFLWLHV RI WKH $OJ&D ILEHU ZHUH VOLJKWO\ GHFUHDVHG ZKHUHDV WKRVH RI
$OJDFLG ILEHUZHUH GUDPDWLFDOO\ GHFUHDVHG7KHVH UHVXOWV VKRZ WKDW WKH$OJ&D ILEHU
FDQEHXVHGDVDGVRUEHQWIRU6UUHPRYDOIURPVHDZDWHU

,QFKDSWHU,QWKLVZRUNFKLWRVDQILEHUFRDWHGZLWKR[LGL]HGFHOOXORVHQDQRILEHU
ZDV SUHSDUHG VXFFHVVIXOO\ E\ XVLQJ:HW6SLQQLQJ7HFKQLTXH7KHVHPDWHULDOV FDQEH
XVHGDVDGVRUEHQW IRUDPPRQLDDQG/\VR]\PH/])RUDPPRQLD WHVWZLWK WKH LQLWLDO
FRQFHQWUDWLRQ DERXW  PJ/ ZKHQ XVLQJ  RI 72&1 WKH DPPRQLD LQ ZDWHU
DGVRUSWLRQSHUFHQWDJHZDVGUDPDWLFDOO\LQFUHDVHGWR)RU/]LQZDWHUDGVRUSWLRQ
WHVWV 72&1&76 ILEHUV FDQ DGVRUE /] LQLWLDO FRQFHQWUDWLRQ ZDV DERXW 
PJ/ZLWKPD[LPXP YDOXH RI %HVLGHV1D2+ FRQFHQWUDWLRQ DV FRDJXODQW LQ
SURGXFWLRQRIFKLWRVDQILEHUFRDWHGZLWK72&1DIIHFWV WR WKHLUSURSHUWLHV7KHUHVXOWV
UHYHDO WKDW WKHUH LVRSWLPXPFRQFHQWUDWLRQRI1D2+SURYLGHGWKHKLJKHVWVWUHQJWK
DGVRUSWLRQDELOLW\RIDPPRQLDDQGDGVRUSWLRQDELOLW\RI/]
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+LWDFKL=RVHQ&RUSRUDWLRQDUHJUHDWO\DSSUHFLDWHG 

, ZRXOG OLNH WR VKRZ KHDUWIHOW DSSUHFLDWLRQ WR '.6 &R /WG IRU SURYLGLQJ
5KHRFU\VWD 7(032 R[LGL]HG FHOOXORVH QDQRILEHUV 72&1 DV UDZ PDWHULDO DQG
UHVHDUFKJUDQW

,QDGGLWLRQ,DPGHHSO\WKDQNIXOIRUWKHILQDQFLDOVXSSRUWE\3ULYDWH8QLYHUVLW\
5HVHDUFK %UDQGLQJ 3URMHFW 0(;7 ± DQG SDUWO\ E\ WKH .DQVDL 8QLYHUVLW\
2XWOD\6XSSRUWIRU(VWDEOLVKLQJ5HVHDUFK&HQWHUV±

)XUWKHUPRUH , DP LPPHQVHO\ JUDWHIXO WR 3URIHVVRU 'U <DVXKLNR ,ZDVDNL
'HSDUWPHQWRI&KHPLVWU\DQG0DWHULDOV(QJLQHHULQJ)DFXOW\RI&KHPLVWU\0DWHULDOV
%LRHQJLQHHULQJ .DQVDL 8QLYHUVLW\ IRU WKH IDFLOLW\ VXSSRUWV WKH =3 PHDVXUHPHQW
DSSDUDWXVZLWKJUHDWNLQGQHVV

0RVW LPSRUWDQWO\ XQG\LQJ JUDWLWXGH LV VKRZQ WR 7KH1LVKLPXUD ,QWHUQDWLRQDO
6FKRODUVKLS)RXQGDWLRQIRUJLYLQJPHWKH6FKRODUVKLSIRUP\3K'GHJUHHIURPWR
/LNHZLVH,ZLOOEHDOZD\VWKDQNIXOIRU WKHVXSSRUWHGJUDQWIURP'HSDUWPHQWRI
&KHPLVWU\DQG0DWHULDOV(QJLQHHULQJ)DFXOW\RI&KHPLVWU\0DWHULDOV%LRHQJLQHHULQJ
.DQVDL8QLYHUVLW\ 

6SHFLDOWKDQNVJRWR7KLWLUDW&KDRFKDLZKRLQWURGXFHGPHWR3URIHVVRU+LURVKL
7DPXUDVR,JRWWKHLQFUHGLEOHRSSRUWXQLW\WRVWXG\P\3K'GHJUHHKHUH 
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